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PREFACE. 


Thb presait voltime on the Anatomj oi Invertebrated 
fulfils ftu undertaking to produce a treatise on 
IparatiTe anatomy for students, into which I entered 
K^and-twenty years ago* A considerable instalment of 
work, relating wholly to the Irwertebrcda, appeared in 
4tiie ' Medical Times and Gazette ’ for the years 1856 and 
under the title of ‘‘Lectures on General Natural 
H^tory.” But a variety of circumstances having con- 
i^ired, about that time, to compel me to direct my attention 
Ittore particularly to the Vertehraia^ I was led to interrupt 
*T|ie publication of the “Lectures” and to complete the 
Vertebrate half of the proposed work first. This appeared 
1871, as a ‘Manual of the Anatomy of Yertebrated 
^Animals.’ 


. A period of incapacity for any serious toil prevented me 
om attempting, before 1874, to grapple with the immense 
of new and important information respecting the 
^ Ticture, and especially the development, of Invertebrated 
limals, which the activity of a host of investigators has 
^Dcumulated of late years* 

^ That my progress has been slow wiU not surprise any 
who is acquainted with the growth of the literature 
m Anim^morphology, or with the expenditure time 
ihvolve^m the attempt to verify for (meedf evmi ihe 
cardinal facts of that science ; but I have endeavoured, in 
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ir 


PBSFACB. 


additions ^ our knowledge, respecting the groups treat ^ 
of in those which have long been printed. 

yrhen I commenced this work, it was my int^tion 
continue the plan adopted in the ‘ Manual of the Anaton 
of Vertebrated Animals,’ of giving a summary account 
what appeared to me to be ascertained moi*phologica3 flwjt 
without referring to my sources of information. I soc 
found, however, that it would be inconvenient to carry c 
this scheme consistehtly ; and some of my pages are, I “ 
afraid, somewhat burdened with notes and references. 

I am the more careful to mention this cii'cumstance ^ 
had it been my purpose to give any adequate Bibliography 
the conspicuous absence of the titles of many importam 
IBooks and memoirs might appear unaccountable and indee 
blameworthy. * 

My object, in writing the book, has been to make i 
useful to those who wish to become acquainted with th€ 
broad outlmes of what is at present known of the morpho- 
logy of the Invertebrata ; though I have not avoided th<* 
incidental mention of facts connected with their physiology 
and their distribution. On the other hand, I have abstainec 
from discussing questions of sstiology, not because I under- 
estimate their importance, or am insensible to the interest 
of the great problem of Evolution; but because, to my 
mind, the growing tendency to mix up sstiological specula- 
tions with morphological generalisations will, if unchecked, 
throw Biology into confusion. 

For the student, that which is essential is a knowledge 
)f the facts of morphology; and he should recollect that 
^^eraHsations are empty formulas, unless the^ft is some- 
iiing in his personal experience which gives reality anc 
udMitance to the termsHof the propositions in which these 
' 1^^ are expiessed. 
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The dieaeotion of a single representative o^^each of the 
principal divisions of the Imertebraia will g^ve the student 
a more real acquaintance with their comparative ana||Omy 
than any amount of reading of this, or any other, hook. 
And I have endeavoured to facilitate practical study by 
supplying a somewhat full description of individual forms, 
in the case of the more complicated types. 

That the power of repeating a Classification of Animals,” 
with all the appropriate definitions, has anything to do with 
genuine knowledge is one of the commonest and most 
mischievous delusions of both students and their examiners. 

The real business of the learner is to gain a true and 
vivid conception of the characteristics of what may be 
termed the natural orders of animals. The mode of arrange- 
ment, or classification, of these into larger groups is a matter 
of altogether secondary importance. As such, I have 
relegated this subject to a subordinate place in the last 
chapter; and I have thought it unnecessary, either to 
^discuss the systems proposed by others, or to give reasons 
for passing over, in silence, my own former attempts in 
this direction. 

Of the manifold imperfections in the execution of the 
task which I have set myself, few will be more sensible 
than I am ; but I trust that the book, such as it is, may be 
of use to the beginner. 

Those who desire to pursue the study of the JauerfehrcUrt 
further, will do well to consult the excellent treatises of 
Von Siebold,* Gegenbaur,t and Claus elaborate 

* Lehrbuoh der verglelohenden Anstomle der wirbellom Ibiere.' 
1848. On0>^ the hast booki on die satjoot ever written, and still 
Indispensable. 

t * GrundsOgeder veigleiohenden Anatoiiiie»* 1870 ; and *Qrandiiss 
ier vergleiobenden Anatomie,* 1874. 

I < OnmdsQge der 2Soolegie.’ 8^ Aollage, 1878. 
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Wfka of MOne^Udworda* aiid Broiiii,f In whicli a vory full 
BibHograplij will be met with. Dr. BoUeston’s valnable 
* ^1^68 of A nim a l Life/ and the * Elementary Instruction 
in Practical Biology/ by myself and Dr. Martin, will prove 
useful adjuncts to the appliances of the piactical worker. 


* * Le9on8 but la Physiologie et rAnatomie compart de Thdomic 
et des animatix.’ Tomes I.-XIl. (incomplete). 

f ‘ Die KUssen und Ordnungen des Thierreichs.’ Bdo. I.~VI, (in- 
complete). 


London^ Jtm€f 1877 , 



viif 


CONTENTS. 


chapter IX 

PAOl 

Tbe Eohiiiod^mata 54( 

CHAPTER X. ^ 

The Tunicata or Ascidioida 595 

CHAPTER XI. 

The Peripatidea, the Mysostomata, the Enteropneusta, the Chse- 
tognatha, the Nematoidea, the Physemaria, the*Acantho- 
cephala and* the Dicyemida 624 

CHAPTER XII. 

The Taxonomy of Invertebrated Animals 656 

Index 689 



CONTENTS. 



^ INTRODUCTION. 

FAO> 

.*he General Principles of Biology I 

CHAPTER I. 

'he Distinctive Characters of A n im als 42 


CHAPTER H. 

lifrProtoaoa 76 

CHAPTER III. 

lie Porifera and the Ccelenterata 


CHAPTER IV. 

?he Turbellaria, the Rotifera, the Trematoda, and the Cettoidea 176 
CHAPTER V. 

lie Uirudinesy the Oligochieta, the Polychseta, the Gephyrea • 214 
CHAPTER VI. 

lie Axthropoda 250 

CHAPTER VII. ^ 

he air-breathing Arthropoda • ^ . 371 




THE ANATOMY 


Ot 

NVEBTEBBATED ANIMALS. 


INTEODUCTION. 

I. — THE GENERAL PRINCIPLES OP BIOLOGY. 

HE Biological sciences are those which deal with the 
lenomena manifested by living matter; and though it 
( cnstomaiy and convenient to group apart such of these 
lenomena as are termed mental, and such of them as are 
hibited by men in society, under the heads of Psychology 
id Sociology, yet it must be allowed that no natural 
lundary separates the subject matter of the latter sciences 
'om that of Biology. Psychology is inseparaldy linltec^ 
ith Physiology ; and the phases of social life c^ibited 
7 animals other Ulan man, which sometimes curiously 
^reshadow human policy, fall strictly within the province 
the biologist. 

On the other hand, the biological sciences are sharply 
arked off from the abiologisal, or those which treat of 
be phenomena manifested by not-living matter, in so far 
the properties of living matter distinguish it absolutely 
*om all other kinds oi things, and as the present state of 
nowledge furnishes us with no Knk between the living 
nd the not-living. 

These distinctive properties of living matter are — > 

1 . Its chamusdl eon^ntioi^-Haoataining, as it invariabl;, 
oes, one or more forms of a complex compound of parbon 
ydrogen, oxygen, and nitrogen, the 80*oalled protein (whi<d 
as never yet been obtained except as a product of living 
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bodies) united with a large proportion of water, and forming 
the ohief constituent of a substance which, in its primary 
tinmodified state, is known as protoplaam. 

Its wiwerml disintegration and waste by oxidation; 
and its eoneomUcmt reintegration by the iwtus-susception of 
new matter, 

A process of waste resulting from the decomposition of 
the molecules of the protoplasm, in virtue of which they 
break up into more highly oxidated products, which cease 
to form any part of the living body, is a constant con- 
comitant of life. There is reason to believe that carbonic 
acid is always one of these waste products, while the others 
contain the remainder of the carbon, the nitrogen, the 
hydrogen, and the other elements which may enter into 
the composition of the protoplasm. 

The new matter taken in to make good this constant 
loss is either a ready-formed protoplasmic material, supplied 
by some other living being, or it consists of the elements 
of protoplasm, united together in simpler combinations, 
which consequently have to be built up into protoplasm 
by the agency of the living matter itself. In either case, 
the addition of molecules to those which already existed 
takes place, not at the surface of the living mass, but by 
interposition between the existing molecules of the latter. 
If the processes of disintegration and of reconstruction 
which characterise life balance one another, the size of the 
mass of living matter remains stationary, while, if the re- 
constructive process is the more rapid, the living body grows. 
But the increase of size which constitutes growth is the 
result of a process of molecular intus-susception, and there- 
fore differs altogether from the process of growth by accres 
tion, which may be observed in crystals and is effected 
purdy by the external addition of new matter — so that, in 
the well-known aphorism of Linnaeus,* the word “ grow/* 
as applied to stones, signifies a totally different procesi from 
what is called “ growth ” in plants and animals. 

* Lepidsi erescmU vegetabilia ctesevoit et vivunt: antmaHaom^ 
"Wiali vivtml et sentlunt.*' 
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3. Its tendency to undergo cyeUeal changes. 

In the ordinary course of nature, all living matter pro- 
ceeds from pre-existing living matter, a portion of the latter 
being detached and acquiring an independent existence. 
The new form takes on the characters that from which 
it arose; exhibits the same power of propagating itself 
by means of an offshoot; and, sooner or later, like its pre- 
decessor, ceases to live, and is resolved into more highly 
oxidated compounds of its elements. 

Thus an individual living body is not only constantly 
changing its substance, but its size and form are under- 
going continual modifications, the end of which is the death 
and decay of that individual ; the continuation of the kind 
being secured by the detachment of portions which tend 
to run through the same cycle of forms as the parent. No 
forms of matter which are either not living, or have not 
been derived from living matter, exhibit these three pro- 
perties, nor any approach to the remarkable phenomena 
defined under the second and third heads. But in addi- 
tion to these distinctive characters, living matter has some 
other peculiarities, the chief of which are the dependence 
of all its activities upon moisture and upon heat, within 
a limited range of temperature, together with the fact that 
it usually possesses a certain structure, or organization. 

As has been said, a large proportion of water enters into 
the composition of all living matter ; a certain amount of 
drying arrests vital activity, and the complete abstraction 
of this water is absolutely incompatible with eithm* actual 
or potential life. But many of the simpler forms d life 
may undergo desiccation to such an extent as to arrest their 
%ital manifestations and convert them into the semidance 
of not-living matter, and yet remain potentially alive ; that 
is to say, on being duly moistened they return to life again. 
And this revivification may take place after months, or even 
years, of arrested life. 

The propertieB of living matter are intimately related to 
temperature. Not only does exposure to heat sufident to 
decompose protein matter destroy life, by demolishing the 

B 2 
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molecular structure upon which life depends ; but all vital 
activity, all phenomena of nutritive growth, movement, 
and reproduction are possible only between certain limits 
of ^iemperature. As the temperature approaches these 
limits the manifestations of life vanish, though they may be 
recovered by return to the normal conditions; but if it 
pass far beyond these limits, death takes place. 

This much is clear ; but it is not easy to say exactly 
what the limits of temperature are, as they appear to vary 
in part with the kind of living matter, and in part with 
the conditions of moisture which obtain along with the 
temperature. The conditions of life are so complex in 
the higher organisms, that the experimental investigation 
of this question can be satisfactorily attempted only in 
the lowest and simplest forms. It appears that, in 
^he dry state, these are able to bear far greater ex- 
tremes both of heat and cold than in the moist condition. 
Thus Pasteur found that the spores of fungi, when dry, 
could be exposed without destruction to a temperature of 
120°-125® C. (248^-257° Fahr.), while the same spores, 
when moist, were all killed by exposure to 100° C. (212° 
Fahr.) On the other hand, Cagniard de la Tour foimd 
that dry yeast might be exposed to the extremely low 
temperature of solid carbonic acid (—60° C. or —76° Fahr.) 
without being killed. In the moist state he found that it 
might be frozen and cooled to —5° C. (23° Fahr.), but that 
it was killed by lower temperatures. However, it is very 
desirable that these experiments should be repeated, for 
Cohn’s careful observations on Bacteria show that, though 
they fall into a state of torpidity, and, like yeast, lose all 
their powers of exciting feimentation at, or near, tb.5 
freezing-point of water, they are not killed by exposure 
for five hours to a temperature below —10° C. (14° Fahr.) 
and, for some time, sinking to —18° C. (— 0°’4 Fahr.) Speci- 
mens of Spirillum volutansy which had been cooled to this 
extent, began to move about some little time after the ice 
containing them thawed. But Cohn remarks that EuglmiB, 
which were frozen along with them, were all killed and 
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disorganised, and tlmt the same fate had befallen the 
higher Infusoria and BtoUferat with the exception of some 
encysted VorticellcBt in which the rhythmical moyements of 
the contractile vesicle showed that life was preserved. • 

Thus it would appear that the resistance of living matter 
to cold depends greatly on the special form of that matter, 
and that the limit of the Euglena^ simple organism as it is, 
is much higher than that of the Bacterium, 

Considerations of this kind throw some light upon the 
apparently anomalous conditions under which many of the 
lower plants, such as Protococcus and the DMomacem, and 
some of the lower animals, such as the Bodiolaria, are 
observed to flourish. Protococcus has been found, not only 
on the snows of great heights in temperate latitudes, but 
covering extensive areas of ice and snow in the Arctic 
regions, where it must be exposed to extremely low ten# 
l^eratures, — in the latter case for many months together ; 
while the Arctic and Antarctic seas swarm with DiatofnacecB 
and Itadiolaria. It is on the Diaiomaceis, as Hooker has 
well shown, that all surface life in these regions ultimately 
depends ; and their enormous multitudes prove that their 
rate of multiplication is adequate to meet the demands 
made upon them, and is not seriously impeded by the low 
temperature of the waters, never much above the freezing- 
point, in which they habitually live. 

The maximum limit of heat which living matter can 
resist is no less variable than its minimum limit. Kiihne 
found that marine Amcebm were killed when the tempera- 
ture reached 85® C. (95® Fahr.), while this was not the 
case with fresh-water AmcehcBy which survived a heat of 
5 °, or even 10®, C. higher. Actinophrys Eichhornii was not 
killed until the temperature rose to 44® or 45® 0. Ptdtymtim 
serpula is killed at ^® 0.; while another MyxomyceUf JSHka* 
Hum septicumf succumbs only at 40® C. 

Cohn (** Untersuchungen iiber Bacterien,” BcUraye mm 
Biologie der PJlanzen, Heft 2, 1872) has given the i^esults of 
a series of experiments conducted with the view of ascer- 
taining the temperature at which Bacteria are destroyed 
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when living in a fluid of definite chemical composition, and 
from all such complications as must arise from the 
inequalities of physical condition when solid particles other 
than the Bacteria co-exist with them. The fluid employed 
contained 0*1 gramme potassium phosphate, 0*1 gr. crys- 
tallised magnesium sulphate, 0 ■ 1 gr, tribasic calcium 
phosphate, and 0*2 gr. ammonium tartrate, dissolved in 
20 cubic centimetres of distilled water. If to a certain 
quantity of this “ normal fluid ’* a small proportion of 
water containing Bacteria was added, the multiplication of 
the Bacteria went on with rapidity, whether the mouth of 
the containing flask was open or hermetically closed. 
Hermetically- sealed flasks, containing portions of the 
normal fluid infected with Bacteria^ were submerged in 
water heated to various temperatures, the flask being care- 
fully shaken, without being raised out of the water, during 
its submergence. 

The result was, that in those flasks which were thus 
subjected, for an hour, to a heat of 60®-62® 0. (140°~143'' 
Pahr.), the Bacteria underwent no development, and the 
fluid remain^ perfectly clear. On the other hand, in 
similar experiments in which the flasks were heated only 
to 40° or 50° C. (104°-122° Pahr.), the fluid became turbid, 
in consequence of the multiplication of the Bactena, in the 
course of from two to three days. 

I am in the habit of demonstrating annually, that Pas- 
teur 8 solution and hay infusion, after five minutes* boiling 
in afiask properly stopped with cottonwool, remain perfectly 
clear of living organisms, however long tliey may be kept. 
The same holds good for a solution analogous to Oohn*s, 
but in which all the saline ingredients are ammonia salts ;% 
and in which Bacteria flourish luxuriantly. Prof. TjndalVB 
large series of experiments give the same results for fluids 
of the most diverse composition. The cases of milk and 
some other fluids in which Bacteria are said to appear, after 


♦ These were as pure as I could 
obtain them. It is possible the 
Hold may have contained an in- 


hnitesimai proportion of fixed 
mineral matter. 
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they have been heated above the boiling-point, require 
renewed investigation. 

Both in Kiihne’s and in Cohn’s experiments, which last 
have lately been confirmed and extended by Dr. Boberif of 
Manchester, it was noted that long exposure to a lower 
tempemture than that which brings about immediate 
destruction of life, produces the same effect as short ex- 
posure to the latter temperature. Thus, though all the 
Bacteria were killed, with certainty, in the normal fluid, by 
short exposure to temperatures at or above 60° C. (140° 
Fahr.), Cohn observed that, when a flask containing in- 
fected normal fluid was heated to 50°-52° C. (122°-125° 
Fahr.) for only an hour, the consequent multiplication 
of the Bacteria was manifested much earlier, than in one 
which had been exposed for two hours to the same tempe- 
rature. • 

It appears to be very generally held that the simpler 
vegetable organisms are deprived of life at temperatures as 
high as 60° 0. (140° Fahr.) ; but, it is aJErmed by competent 
observers, that Algce have been found living in hot springs 
at much higher temperatures, namely, from 168° to 208° 
Fahr., for which latter surprising fact we have the high 
authority of Descloiseaux. It is no explanation df these 
phenomena, but only another mode of stating them, to say 
that these organisms have become “ accustomed ” to such 
temperatures. If this degree of heat were absolutely 
incompatible with the activity of living matter, the plants 
could no more resist it than they could become “accus- 
tomed ” to being made red hot. Habit may modify sub- 
sidiary, but cannot affect fundamental, conditions. 

Recent investigations point to the conclusion that the 
immediate cause of the arrest of vitality, in the firs^ 
and of its destruction, in the second, is the coagnJMiM^ 
certain substances in the protoplasm, and that 
contains various coagulable matters, which solidM^ dil« 
f erent temperatures. And it remains to be seen, how 
death of any form of living matter, at a given teinpevKtiilrei 
depends on the destruction of its fundamental substance 
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at that heat, and how far death is brought about by the 
coagulation of merely accessory compounds. 

It may be safely said of all those living things which 
are^large enough to enable us to trust the evidence of 
microscopes,* that they are heterogeneous optically, and 
that their different parts, and especially the surface layer, 
as contrasted with the interior, differ physically and chemi- 
cally ; while, in most living things, mere heterogeneity is 
exchanged for a definite structure, whereby the body is 
distinguished into visibly diverse parts, which possess dif- 
ferent powers or functions. Living things which present 
this visible structure are said to be organised; and so 
widely does organisation obtain among living beings, that 
organised and living are not unfreqiiently used as if they 
were terms of co-extensive applicability. This, however, is 
not exactly accurate, if it be thereby implied that all living 
things have a visible organisation, as there are numerous 
forms of living matter of which it cannot properly be said 
that they possess either a definite visible structure or per- 
manently specialised organs : though doubtless, the simplest 
particle of living matter must possess a highly complex 
molecular structure, which is far beyond the reach of 
vision. 

The broad distinctions which, as a matter of fact, exist 
between every known form of living substance and every 
other component of the material world, justify the sepa- 
ration of the biological sciences from all others. But it 
must not be supposed that the differences between living 
and not-living matter are such as to bear out the assump- 
tion that the forces at work in the one are different from 

I 

* In considering the question differentiation of parts, may be 
of the complication of molecular made up of 1,000,000 particles 
stmcture which even the smallest of on inch in diameter, 

and simplest of living beings may ^ile the molecules of matter are 
possess, it is well to recollect that probably much less than of 
an organic particle of an an inch in diameter. Hence in 
inch in diameter, in which our such a body there is ample scope 
beat mkroscopes may be incom- for any amount of complexity of 
potent to reveal the slightest molecular structure. 
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those which are to be met with in the other. Considered 
apart from the phenomena of consciousness, the phenomena 
of life are all dependent upon the working of the same 
physical and chemical forcai as those which are active 
in the rest of the world. It may be convenient to use 
the terms “ vitality ” and “ vital force ” to denote the causes 
of certain great groups of natural operations, as we employ 
the names of “ electricity ” and “ electrical force ” to denote 
others ; but it ceases to be proper to do so, if such a name 
implies the absurd assumption that either electricity ” or 
“ vitality are entities pla3ring the part of efficient causes 
of electrical or vital phenomena. A mass of living proto- 
plasm is simply a molecular machine of great complexity, 
the total results of the working of which, or its vital pheno- 
mena, depend, on the one hand, upon its construction, and, 
on the other, upon the energy supplied to it ; and to speak 
of “ vitality ” as anything but the name of a series of opera- 
tions is as if one should talk of the “ horologity ” of a clock. 

Living matter, or protoplasm and the products of its 
metamorphosis, may be regarded under four aspects : — 

(1.) It has a certain external and internal form, the 
latter being more usually called structure ; 

(2.) It occupies a certain position in space and in time ; 

(3.) It is the subject of the operation of certain forces, 
in virtue of which it undergoes internal changes, modifies 
external objects, and is modified by them ; and 

(4.) Its form, place, and powers are the effects of certain 
causes. 

In correspondence with these four aspects of its subject, 
Biology is divisible into four chief subdivisions — I. Moe- 
?*HOLOGY; II. DISTRIBUTION; III. PhYSIOLOOY ; IV. 

Etiology. 


I. Morphology. 

So far as living beings have a form and structure, they 
fall within the province of Anatomy and Histology^ the 
latter being merely a name for that ultimate optical analysis 
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of UTiiig straotore wliio]i can be carried out only by the 
aid of the inicroaoope. 

And, in to faar aa <^e form and structure of any living 
bdwig are not constant during the whole of its existence, 
bal imdergo a series of changes from the commencement 
of tluit s ri sten o e to its end, living beings have a Demlop^ 
oaAll history of devdopment is an account of the 
a> living being at the suoeessive pmoda df its 
fliilsno^ and oi the waamet in which one anatomical stage 
die nest. 

tibe systematic statement and generalisation of 
ItnISidB of Morph^plogy, in such a manner as to arrange 
Ihrhe^ beings in groups, according to their degrees of like* 
nsia,is Tommomy, 

• The study of Anatomy and Development has brought to 
light certain generalisations of wide applioalnlity and great 
importance. 

L It has been said that the great majority of living 
beings present a very definite structure. Unassisted vision 
and ordinary dissection suffice to separate the body of any 
of the higher animals, or plants, into fabrics of different 
sorts, whkdi always present the same general arrangement 
in tibe same organism, but are combined in different ways 
in different organisms. The discrimination of these com- 
paratively few fabrics, or tugues, of which organisms are 
composed, was the first step towards that ultimate analysis of 
visibie structure which has become possible only by the recent 
perfection of microscopes and of methods of preparation. 

Histology, which embodies the results of this analysis, 
shows that every tissue of a plant is composed of more ob 
less modified structural elements, each of which is termed 

t etM ; which cell, in its simplest condition, is merely a 
heroidal mass of protoplasm, surrounded by a coat or sac 
iheceU-waU — which contains cellulose. In the various 
^tissues, these cells may undergo innumerable modifications 
ct, form — ^the protoplasm may become differentiated into a 
mudleiis with its nucleolus, a primordial utricle, and a 
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cavity filled with a watery fiuid, and the cell-wall may be 
yariooBly altered in composition or in structure, or may 
coalesce with others. But, however extensive these changes 
may be, the fact that the tissues are made up of morpl^lo- 
gically distinct nnit8---the oells — ^remainB patent. And, if 
any doubt could exist on the sutjeot, it would be removed 
by the study of development, which proves that every plant 
oomxnenoes its existence as a simple cell, identical in its 
fundaments eharactera wiUi the less modified of those 
odls of which the whole body is composed. 

But it is not necessary to the morphological unit dt the 
plant that it should be always provided with a cell-wall. 
Oertain plants, such as Praioooeeut^ spend longer or shorter 
periods of their existence in the condition of amere sphmroid 
of protoplasm, devoid of any cellulose wall, while, at other 
times, the protoplasmic body becomes enclosed within n 
cell- wall, fabricated by its superficial layer. 

Therefore, just as the nucleus, the primordial utricle, 
and the central fluid are no essential constituents of the 
morphological nnit of the plant, but represent results of 
its metamorphosis, so the c^-wall is equally unessential ; 
and either the term cell ” must acquire a merely technical 
significance as the equivalent of morphological unit, or 
some new term must be invented to describe the latter. 
On the whole, it is probably least inconvenient to modify 
the sense of the word “ cell.” 

The histological analysis of animal tissues has led to 
similar results and to difficulties of terminology of precisely 
the same character. In the higher animals, however, the 
modifioationB which the cells undergo are so extensive, 
dhat the fact that the tissues are, as in plants, resolvable 
into an aggregation of morphological units, could never 
have been established without the aid of the study of de- 
velopment, which proves that the animal, no less than the 
plant, commences its existence as a simple oeU, fundament- 
ally identical with the less modified ceils which are found 
in the tissues of the adult. 

Though the nucleus is veiy ooastent among animal oells. 
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it is not tiniversally present ; and among tlie lowest forms 
of animal life, the protoplasmic mass which represents the 
morphological unit may be, as in the lowest plants, devoid 
of % nucleus. In the animal, the cell- wall never has the 
chai*acter of a shut sac containing cellulose ; and it is not 
a little difficult, in many cases, to say how much of the 
so-called “cell-waH” of the animal cell answers to the 
“primordial utricle” and how much to the proper “ cellulose 
cell- wall ” of the vegetable cell. But it is certain that in 
the animal, as in the plant, neither cell-wall nor nucleus 
are essential constituents of the cell, inasmuch as bodies 
which are unquestionably the equivalents of cells — true 
morphological units — may be mere masses of protoplasm, 
devoid alike of cell- wall and nucleus. 

For the whole living world, then, it results: — that the 
morphological unit — the primary and fundamental form of 
life — is merely an individual mass of protoplasm, in which 
no further structure is discernible ; that independent living 
forms may present but little advance on this structure; 
and that all the higher forms of life are aggregates of such 
morphological units or cells, variously modified. 

Moreover, all that is at present known tends to the con- 
clusion, that, in the complex aggregates of such units of 
which all the higher animals and plants consist, no cell has 
arisen otherwise than by becoming separated from the pro- 
toplasm of a pre-existing ccU ; whence the aphorism “ Omnis 
cellula e celluldJ^ 

It may further be added, as a general truth applicable 
to nucleated cells, that the nucleus rarely undergoes any 
considerable modification, the structures characteristic of 
the tissues being formed at the expense of the more super-® 
jficial protoplasm of the cells; and that, when nucleated 
i cells divide, the division of the nucleus, as a rule, precedes 
that of the whole cell. 

2. In the course of its development every cell proceeds 
from a condition in which it closely resembles every other 
cell, through a series of stages of gradually increasing 
divaigence, until it reaches that condition in which it 
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presents the characteristic features of the elements of a 
special tissue. The development of the cell is therefore a 
gradual progress from the general to the special state. 

The like holds good of the development of the body fts a 
whole. However complicated one of the higher animals or 
plants may be, it begins its separate existence under the 
form of a nucleated cell. This, by division, becomes con- 
verted into an aggregate of nucleated colls: the parts of 
this aggregate, following different laws of growth and 
multiplication, give rise to the rudiments of the organs ; 
and the parts of these rudiments again take on those modes 
of growth multiplication and metamorphosis which are 
needful to convert the rudiment into the perfect structure. 

The development of the organism as a whole, therefore, 
repeats in principle the development of the cell. It is a 
progi’ess from a general to a special form, resulting from 
the gradual differentiation of the primitively similar moi’- 
phological units of which the body is composed. 

Moreover, when the stages of development of two; 
animals are compared, the number of these stages which 
are similar to one another is, as a genein,! rule, proportional 
to the closeness of the resemblance of the adult forms; 
whence it follows that the more closely any two animals are 
allied in adult structure, the later are their embryonic 
conditions distinguishable. And this general rule holds for 
plants no leas than for animals. 

The broad principle, that the form in which the more 
complex living things commence their development is 
always the same, was first expressed by Harvey in bis 
famous aphorism “ Omtie tnvum ex ovo,” which was intended 
isimply as a moi’phological generalisation, and in no wise 
implied the rejection of spontaneous generation, as it is 
commonly supposed to do. Moreover, Harvey’s study of 
the development of the chick led him to promulgate that 
theory of “ epigenesis,” in which the doctrine that develop- 
ment is a progress from the general to the special is 
implicitly contained. 

Caspar F. Wolff furnished further, and indeed conclu- 
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sive, proof of the ti’ath of the theory of epigenesis; hut, 
unfortunately, the authority of Haller and the speculations 
of Bonnet led science astray, and it was reseiwed for Von 
Batr to put the nature of the process of development in its 
true light, and to formulate it in his famous law. 

3. Development, then, is a process of differentiation by 
which the primitively similar parts of the living body 
become more and more unlike one another. 

This process of differentiation may be effected in several 
ways. 

(1.) The protoplasm of the germ may not undergo divi- 
sion and conversion into a cell aggregate ; but various parts 
of its outer and inner substance may be metamorphosed 
directly into those physically and chemically different 
materials which constitute the body of the adult. This 
6ccurs in such animals as the Inf'iisoria, and in such plants 
as the unicellular Algce and Fungi, 

(2.) The germ may undergo division, and be converted 
into an aggregate of division masses, or hlastomeres, which 
become cells and give rise to the tissues by undergoing a 
metamorphosis of the same kind as that to which the whole 
body is subjected in the preceding case. 

The body, formed in either of these ways, may, as a whole, 
undergo metamorphosis by differentiation of its parts ; and 
this differentiation may take place without reference to any 
axis of symmetry, or it may have reference to such an axis. 
In the latter case, the parts of the body which become dis- 
tinguishable may correspond on the two sides of the axis 
(bilateral symmetry), or may correspond along several lines 
parallel with the axis (radial symmetry). 

The bilateral or radial symmetry of the body may bt 
further complicated by its segmentation, or separation by 
divisions transverse to the axis, into parts, each of which 
corresponds with its predecessor or successor in the series. 

In the segmented body, the segments may or may not 
give rise to symmetrically or asymmetrically disposed pro- 
cesses, which are appendages, using that word in its most 
general sense. 
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And the highest degree of complication of structure, in 
both animals and plants, is attained by the body when it 
becomes divided into segments provided with appendages ; 
when the segments not only become very different from ♦ne 
another, but some coalesce and lose their primitive distinct- 
ness; and when the appendages and the segments into 
which they are subdivided similarly become differentiated 
and coalesce. 

It is in virtue of such processes that the flowers of 
plants, and the heads and limbs of the Arthropoda and of 
the Vertehrata^ among animals, attain their extraordinary 
diversity and complication of structure. A flower-bud is a 
segmented body or axis, with a certain number of whorls 
of appendages ; and the perfect flower is the result of the 
gradual differentiation and confluence of these primitively 
similar segments and their appendages. The head of arf 
insect or of a crustacean is, in like manner, composed of a 
number of segments, each with its pair of appendages, 
which by differentiation and confluence are converted into 
the feelers and variously modified oral appendages of the 
adult. 

In some complex organisms, the process of differentiation, 
by which they pass from the condition of aggregated 
embryo cells to the adult, can be traced back to the laws 
of growth of the two or more cells into which the embryo 
cell is divided, each of these cells giving lise to a particular 
portion of the adult organism. Thus the fertilised embryo 
cell in the archegonium of a fern divides into four cells, one 
of which gives rise to the rhizome of the young fern, another 
to its first I’ootlet, while the other two are converted into 
# placenta-like mass which remains imbedded in the pro- 
thallus. 

The structure of the stem of Chara depends upon thei 
different properties of the cells, which are successively 
derived by transverse division from the apical cell. An 
inter-nodal cell, which elongates greatly, and does not 
divide, is succeeded by a nodal cell, which elongates but 
little, and becomes greatly subdivided; this by another 
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[ inter-nodal cell, and so on in regular alternation. In the 
' same way the structure of the stem, in all the higher plants, 
depends upon the laws which govern the manner of division 
an^ of metamorphosis of the apical cells, and of their con- 
tinuation in the cambivm layer. 

In all animals which consist of cell-aggregates, the cells 
of which the embryo is at first composed arrange them- 
selves by the splitting, or by a process of invagination, of 
the blastoderm into two layers, the epiblast and the hypo- 
blast f between which a third intermediate layer, the meso- 
blast, appears ; and each layer gives rise to a definite group 
of organs in the adult. Thus, in the Vertehrata, the epiblast 
gives rise to the cerebro- spinal axis, and to the epidermis 
and its derivatives ; the hypoblast, to the epithelium of the 
alimentary canal and its derivatives; and the mesoblast, 
%o intermediate structures. The tendency of recent in- 
quiry is to prove that the several layers of the germ evolve 
analogous organs in invertebrate animals, and to indicate 
the possibility of tracing the several germ layers back to 
the blastomeres of the yelk, from the subdivision of which 
they proceed. 

It is conceivable that all the forms of life should have 
presented about the same differentiation of structure, and 
should have differed from one another by superficial charac- 
ters, each form passing by insensible gradations into those 
most like it. In this case Taxonomy, or the classification 
of morphological facts, would have had to confine itself to 
the formation of a serial arrangement, representing the 
serial gradation of these forms in nature. 

It is conceivable, again, that living beings should haW3 
differed as widely in structure as they actually do, but that 
the interval between any two extreme forms should have 
been fiUed up by an unbroken series of gradations; in 
which case, again, classification could only effect the forma- 
tion of series — the strict definition of groups woxild be as 
impossible as in the former case. 

Aa a matter of fact, living beings differ enormously, not 
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only in differentiation of etmcture, but in the modes in 
which that differentiation is brought about ; and the in^ 
tervals between extreme forms are not filled up, in the 
existing world, by complete scries of gradations. Henc#it 
arises that living beings are, to a great extent, susceptible 
of classification into groups, the members of each group 
resembling one another, and differing from all the rest, by 
certain definite peculiarities. 

No two living beings are exactly alike, but it is a matter 
of observation that, among the endless diveimties of living 
things, some constantly resemble one another so closely 
that it is impossible to draw any line of demarcation 
between them, while they differ only in such characters as 
are associated with sex. Such as thus closely resemble one 
another constitute a rnorphological species ; while different 
morphological species are defined by constant characterel* 
which are not merely sexual. 

The comparison of these lowest groups, or morphological 
species, with one another, shows that more or fewer of 
them possess some character or characters in common — 
some feature in which they resemble one another and differ 
from all other species — and the group or higher order thus 
formed is a genus. The generic groups thus constituted 
are susceptible of being arranged in a similar manner into 
groups of successively higher order, which are known as 
families, orders, classes, and the like. 

The method pursued in the classification of living forms 
is, in fact, exactly the same as that followed by the maker 
of an index in working out the heads indexed. In an 
alphabetical arrangement, the classification may be truly 
ttrmed a morphological one, the object being to put into 
close relation all those leading woids which resemble one 
another in the arrangement of their letters, that is, in their 
form, and to keep apart those which differ in structure. 
Headings which begin with the same word, but differ other- 
wise, might be compared to genera with their species ; the 
groups of words with the same first two syllables to 
families ; those with identical first syllables to orders ; and 

c 
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those with the same initial letter to classes. But there is 
this difference between the index and the Taxonomic 
arrangement of living forms, that in the former there is 
nothing, but an arbitrary relation between the various 
classes, while, in the latter, the classes are similarly capable 
of co-ordination into larger and lajrger groups, until all 
are comprehended under the common definition of living 
beings. 

The differences between artificial ” and “ natural ” clas- 
sifications are differences in degree, and not in kind. In 
each case the classification depends upon likeness ; but in an 
artificial classification some prominent and easily observed 
feature is taken as the mark of resemblance or dissemblance ; 
while, in a natural classification, the things classified are 
arranged according to the totality of their morphological 
•resemblances, and the features which are taken as the marks 
of groups are those which have been ascertained by ob- 
servation to be the indications of many likenesses or un- 
likenesses. And thus a natural classification is a great 
deal more than a mere index. It is a statement of the 
marks of similarity of organisation; of the kinds of struc- 
ture which, as a matter of experience, are found universally 
associated together; and, as such, it furnishes the whole 
foundation for those indications by which conclusions as to 
)the nature of the whole of an animal are drawn from a 
iknowledge of some part of it. 

When a palsBontologist argues from the characters of a 
bone or of a shell to the nature of the animal to which 
that bone or shell belonged, he is guided by the empirical 
morphological laws established by wide observation, that 
such a kind of bone or shell is associated with such 
such structural features in the rest of the body, and no 
others. And it is these empirical laws which are embodied 
and expressed in a natural classification. 
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n. Distbibution. 

Living beings occupy certain portions of the surf ac# of 
the earth, inhabiting either the dry land, or the fresh or 
salt waters ; or being competent to maintain their existence 
in either. In any given locality, it is found that these 
different media are inhabited by different kinds of living 
beings; and that the same medium, at different heights 
in the air and at different depths in the water, has dif- 
ferent living inhabitants. 

Moreover, the living populations of localities which differ 
considerably in latitude, and hence in climate, always pre- 
sent considerable differences. But the converse proposition 
is not true ; that is to say, localities which differ in longi- 
tude, even if they resemble one another in climate, often 
have very dissimilar Faunoe and Florce. 

It has been discovered by careful comparison of local 
Faun® and Florae, that certain areas of the earth’s surface 
are inhabited by groups of animals and plants which are 
not found elsewhere, and which thus characterize each of 
these areas. Such areas are termed Provinces of Disftribu^ 
iion. There is no parity between these provinces in extent, 
nor in the physical configuration of their boundaries ; and, 
in reference to existing conditions, nothing can appear to 
be more arbitraiy and capricious than the distribution of 
living beings. 

The study of distribution is not confined to the present 
order of nature ; but, by the help of geology, the naturalist 
is enabled to obtain clear, though too fragmentary, evidence 
(ff the characters of the faun® and florw of antecedent 
epochs. The remains of organisms which are contained 
in the stratified rocks prove that, in any given part of the 
earth’s surface, the living population of earlier epochs was 
different from that which now exists in the locality ; and 
that, on the whole, the differezkoe becomes greater the 
farther we go back in time. The organic remains which 
Bre found in the later Cainosoio deposite of any district 
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are always closely allied to those now found in the province 
of distribution in which that locality is included ; while in 
the older Oainozoic the resemblance is less; and in the 
Me^zoic, and the Palaeozoic strata, the fossils may be simi- 
lar to creatures at present living in some other province, 
or may be altogether unlike any which now exist. 

In any given locality, the succession of living forms 
may appear to be interrupted by numerous breaks — ^the 
associated species in each fossiliferous bed being quite 
distinct from those above and those below them. But the 
tendency of all palaeontological investigation is to show 
that these breaks are only apparent, and arise from the 
incompleteness of the series of remains which happens to 
have been preserved in any given locality. As the area 
over which accurate geological investigations have been 
Carried on extends, and as the fossiliferous rocks found in 
one locality fill up the gaps left in another, so do the abrupt 
demarcations between the faunse and florae of successive 
epochs disappear — a certain proportion of the genera and 
even of the species of every period, great or small, being 
found to be continued for a longer or shorter time into the 
next succeeding period. It is evident, in fact, that the 
changes in the living population of the globe which have 
taken place during its history, have been effected, not by 
the sudden replacement of one set of living beings by 
another, but by a process of slow and gradual introduc- 
tion of new species, accompanied by the extinction of the 
older forms. 

It is a remarkable circumstance, that, in all parts of the 
globe in which fossiliferous rocks have yet been examined, 
the successive terms of the series of living forms whicB 
have thus succeeded one another are analogous. The life 
of the Mesozoic epoch is everywhere characterised by the 
abundance of some groups of species of which no trace is 
t<>^ be found in either earlier or later formations ; and the 
like is true of the Falssozoic epoch. Hence it follows, not 
only that there has been a succession of species, but that 
the general nature of that succession has been the same all 
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over the globe; and it is on this ground that fossils are 
so important to the geologist as marks of the relative age 
of rocks. 

The determination of the morphological relations of f he 
species which have thus succeeded one another is a problem 
of profound impoitance and difficulty, the solution of which, 
however, is already clearly indicated. For, in several cases, 
it is possible to show that, in the same geographical area, a 
form A, which existed during a certain geological epoch, 
has been replaced by another form B, at a later period; 
and that this form B has been replaced, still later, by a 
third form C. When these forms, A, B, and C, are com- 
pared together they are found to be organized upon the 
same plan, and to be very similai* even in most of the de- 
tails of their structure ; but B differs from A by a slight 
modification of some of its parts, which modification is 
carried to a still greater extent in C. 

In other words, A, B, and C differ from one another in 
the same fashion as the earlier and later stages of the 
embryo of the same animals differ ; and, in successive epochs, 
we have the group presenting that progressive specialisa- 
tion which characterises the development of the individual. 
Clear evidence that this progressive specialisation of 
structure has actually occurred has as yet been obtained in 
only a few oases (e.jr., Equidas, Crocodilia)^ and these are 
confined to the highest and most complicated forms of 
life; while it is demonstrable that, even as reckoned by 
geological time, the process must have been exceedingly 
slow. 

Among the lower and less complicated forms, the evi- 
dence of progressive modification, furnished by compari- 
son of the oldest with the latest forms, is slight, or absent ; 
and some of these have certainly persisted, with very little 
change, from extremely ancient times to the present day. 
It is as important to recognise the fact that certain forms 
of life have thus persisted, as it is to admit that others have 
undergone progressive modification. 

It hj^ been said that the successive terms in the series 
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of llTing forms are analogous in aU parts of tke globe. 
But the species which constitute the corresponding or 
homotaxic terms in the series, in different localities, are not 
identical. And, though the imperfection of our knowledge 
at present precludes positive assertion, there is every reason 
to believe that geographical provinces have existed through- 
out the period during which organic remains furnish us 
with evidence of the existence of life. The wide distribu- 
tion of certain PalsBozoic forms does not militate against 
this view ; for the recent investigations into the nature of 
the deep-sea fauna have shown that numerous Crustacea, 
Echinodemuda, and other invertebrate animals, have as 
wide a distribution now as their analogues possessed in the 
Silurian epoch. 

in. Physiology. 

Thus fai*, living beings have been regarded merely as 
definite forms of matter, and Biology has presented no 
considerations of a different order from those which meet 
the student of Mineralogy. But living things are not only 
natural bodies, having a definite form and mode of struc- 
ture, growth, and development. They are machines in 
action ; and, under this aspect, the phenomena which they 
present have no parallel in the mineral world. 

The actions of living matter are termed its functions ; 
and these functions, varied as they are, may be reduced to 
three categories. They are either — (1), functions which 
affect the material composition of the body, and determine 
its mass, which is the balance of the processes of waste on 
the one hand and those of assimilation on the other. Os 
(2), they are functions which subserve the process of re- 
production, which is essentially the detachment of a part 
endowed with the power of developing into an independent 
whole. Or (3), they are functions in virtue of which one 
part of the body is able to exert a direct influence on 
another, and the body, by its parts or as a whole, becomes 
a source of molar motion. The first may be termed susten- 
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tatvve, the eecond genercdwe, and the third correlative 
ftmctioxis. 

Of these three classes of functions the first two only can 
be said to be inrariablj present in living beings, aU of 
which are nourished, grow, and multiply. But there are 
some forms of life, such as many Fimgi, which are not 
known to possess any powers of changing their form ; in 
which the protoplasm exhibits no movements, and reacts 
upon no stimulus ; and in which any influence which the 
different parts of the body exert upon one another must 
be transmitted indirectly from molecule to molecule of the 
common mass. In most of the lowest plants, however, 
and in all animals yet known, the body either constantly 
or temporarily changes its form, either with or without the 
application of a special stimulus, and thereby modifies the 
relations of its parts to one another, and of the whole to 
surrounding bodies ; while, in all the higher animals, the 
different parts of the body are able to affect, and be 
affected by, one another, by means of a specMtissue, termed 
nerve. Molar motion is effected on a large scale by means 
of another special tissue, mmcU; and the organism is 
brought into relation with surrounding bodies by means of 
a third kind of special tissue — that of the sensory organs — 
by means of which the forces exerted by surrounding 
bodies are transmuted into affections of nerve. 

In the lowest foniis of life, the functions which have 
been enumerated are seen in their simplest forms, and 
they are exerted indifferently, or nearly so, by all parts of 
the protoplasmic body ; and the like is true of the functions 
of the body of even the highest organisms, so long as they 
tre in the condition of the nucleated cell, which constitutes 
the starting-point of their development. But the first pro- 
cess in that development is the division of the germ into a 
number of morphological unite or blastomeres, which, 
eventually, give rise to cells; and as each of these pos- 
sesses the same physiological functions as the germ itself, 
it follows that each moi^phological unit is also a physio- 
logical unit, and the multicellular mass is strictly a com- 
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pound organism, made up of a multitude of physiologically 
independent cells. The physiological activities manifested 
by the complex whole represent the sum, or rather the 
respltant, of the separate and independent physiological 
a^jtivities resident in each of the simpler constituents of 
that whole. 

The morphological changes which the cells undergo in 
the course of the further development of the organism, do 
not affect their individuality; and, notwithstanding the 
modification and confluence of its constituent ceUs, the 
adult organism, however complex, is still an aggregate of 
morphological units. Nor is it less an aggregate of physio- 
logical units, each of which retains its fundamental inde- 
pendence, though that independence becomes restricted in 
various ways. 

‘ Each cell, or that element of a tissue which proceeds 
from the modification of a cell, must needs retain its 
sustentative functions so long as it grows or mniTifAing a 
condition of equilibrium ; but the most completely meta- 
morphosed cells show no trace of the generative function, 
and many exhibit no correlative functions. Contrariwise 
those cells of the adult organism which are the unmeta- 
morphosed derivatives of the germ, exhibit all the primaiy 
functions, not only nourishing themselves and growing, 
but multiplying, and frequently showing more or less 
marked movements, 

Orga/ns are parts of the body which perform particular 
functions. In strictness, perhaps, it is not quite right to 
speak of organs of sustentation or generation, each of these 
functioim being necessarily performed by the morphological 
unit which is nourished or reproduced. What are called 
the organs of these functions are the apparatuses by which 
certain operations, subsidiary to sustentation and genera- 
tion, are carried on. 

Thus, in the case of the sustentative functiong, all those 
organs may be said to contribute to these functions which 
are concerned in bringing nutriment within the reach of 
iihe ultimate cells, or in removing waste matter from them ; 
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while in the case of the generative function, all those organs 
contribute to the function which produce the cells from 
which germs are given off ; or help in the evacuation, or 
fertilisation, or development of these germs. • 

On the other hand, the correlative functions, so long as 
they are exerted by a simple undifferentiated morphological 
unit or cell, are of the simplest character, consisting of 
those modifications of position which can be effected by 
mere changes in the form or arrangement of the parts of 
the protoplasm, or of those prolongations of the proto- 
plasm which are called pseudopodia or cilia. But, in the 
higher animals and plants, the movements of the organism 
and of its parts are brought about by the change of the 
form of certain tissues, the property of which is to shorten 
in one direction when exposed to certain stimuli. Such 
tissues are termed contrdctile ; and, in their most fully 
developed condition, muscular. The stimulus by which 
this contraction is naturally brought about is a molecular 
change, either in the substance of the contractile tissue 
itself, or in some other part of the body ; in which latter 
case, the motion which is set up in that part of the body 
must be propagated to the contractile tissue through the 
intermediate substance of the body. In plants, there seems 
to be no question that parts which retain a hardly modified 
cellular structure may serve as channels for the transmis- 
sion of this molecular motion ; whether the same is true of 
animals is not certain. But, in all the more complex 
animals, a peculiar fibrous tissue — nerve — serves as the 
agent by which contractile tissue is affected by changes 
occurring elsewhere, and by which contractions thus ini- 
tiated are co-ordinated and brought into harmonious com- 
bination. While the sustentative functions in the higher 
forms of life are still, as in the lower, fundamentally de- 
pendent upon the powers inherent in aU the physiological 
units which make up the body, the correlative functions 
are, in the former, deputed to two sets of specially modified 
units, which constitute the muscular and the nervous tissues. 

When the different forms of life are compared together 
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as phjsiologioal macliines, they are found to differ as 
machines of human construction do. In the lower forms, 
the mechanism, though perfectly well adapted to do the 
wark for which it is required, is rough, simple, and weak ; 
while, in the higher, it is finished, complicated, and powerful. 
Considered as machines, there is the same sort of difference 
between a polype and a horse as there is between a distaff 
and a spinning-jenny. In the progress from the lower to 
the higher organism, there is a gradual differentiation of 
organs and of fimctions. Each function is separated into 
many parts, which are severally entrusted to distinct organs. 
To use the striking phrase of Milne-Edwards, in passing 
from low to high organisms, there is a division of physio- 
logical labour. And exactly the same process is observable 
in the development of any of the higher organisms; so 
•that, physiologically as well as morphologically, develop- 
ment is a progress from the general to the special. 

Thus far, the physiological activities of living matter 
have been considered in themselves, and without reference 
to anything that may affect them in the world outside the 
living body. But living matter acts on, and is powerfully 
affected by, the bodies which surround it ; and the study of 
the influence of the “ conditions of existence ” thus deter- 
mined constitutes a most important part of Physiology. ‘ 

The sustentative functions, for example, can only be 
exerted under certain conditions of temperature, pressure, 
and light, in certain media, and with supplies of particular 
kinds of nutritive matter ; the sufficiency of which supplies, 
again, is greatly influenced by the competition of other 
organisms, which, striving to satisfy the same needs, give 
rise to the passive struggle for existence.” The exerciae 
of the correlative functions is influenced by similar condi- 
tions, and by the direct conflict with other organisms, which 
constitutes the active struggle for existence. And, finally, 
the generative functions are subject to extensive modifi- 
cations, dependent partly upon what are commonly called 
axtmnal conditions, and partly upon wholly unknown 
agenciee. 
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In the lowest forms of life, the only mode of generation 
at present known is the division of the body into two or 
more parts, each of which then grows to the size and 
assumes the form of its parent, and repeats the process sof 
multiplication. This method of multiplication by fission 
is properly called generation, because the parte which are 
separated are severally competent to give rise to individual 
organisms of the same nature as that from which they 
arose. 

In many of the lowest organisms the process is modified 
so far that, instead of the parent dividing into two equal 
parts, only a small portion of its substance is detached, as 
a bud, which developes into the likeness of its parent. 
This is generation by gemmation. Generation by fission 
and by gemmation are not confined to the simplest forms 
of life, however. On the contrary, both modes of multipli-* 
cation are common not only among plants, but among 
animals of considerable complexity. 

The multiplication of flowering plants by bulbs, that of 
annelids by fission, and that of polypes by budding, are 
well-known examples of these modes of reproduction. In 
all these cases, the bud or the segment consists of a multi- 
tude of more less metamorphosed cells. But, in other 
instances, a single cell detached from a mass of such un- 
differentiated cells contained in the parental organism is 
the foundation of the new organism, and it is hard to say 
whether such a detached ceU may be more fitly called a bud 
or a segment-^whether the process is more akin to fission 
or to gemmation. 

In all these cases the development of the new being from 
tie detached germ takes place without the influence of 
other living matter. Common as the process is in plants 
and in the lower animals, it becomes rare among the 
higher animals. In these, the reproduction of the whole 
organism from a part, in the way indicated above, ceases. 
At most we find that the cells at the end of an amputated 
portion of the organism are capable of reproducing the 
lost part; in the very highest animals, even this power 



28 THB ANATOMY OF INYBBTEBBATEB ANIMALS. 

vanishes in the adult; and, in most parts of the body, 
though the imdifferentiated cells are capable of multipli- 
cation, their progeny grow, not into whole organisms 
like that of which they form a part, but into elements of 
the tissues. 

Throughout almost the whole series of living beings, 
however, we find concurrently with the process of agamo- 
genesis, or asexual generation, another method of genera- 
tion, in which the development of the germ into an organism 
resembling the parent depends on an influence exerted by 
living matter different from the germ. This is gamogenesis 
or sexual generation. Looking at the facts broadly, and 
without reference to many exceptions in detail, it may be 
said that there is an inverse relation between agamogenetic 
and gamogenetic reproduction. In the lowest organisms 
•gamogenesis has not yet been observed, while in the highest 
agamogenesis is absent. In many of the lower forms of 
life agamogenesis is the common and predominant mode 
of reproduction, while gamogenesis is exceptional ; on the 
contrary, in many of the higher, while gamogenesis is the 
rule, agamogenesis takes place exceptionally. 

In its simplest condition, which is termed “ conjvgation'^ 
sexual generation consists in the coalescence of two similar 
masses of protoplasmic matter, derived from different parts 
of the same organism, or from two organisms of the same 
species, and the single mass which results from the fusion 
develops into a new organism. 

In the majority of cases, however, there is a marked 
morphological difference between the two factors in the 
process, and then one is called the male, and the other the 
female element. The female element is relatively larg^ 
and undergoes but little change of form. In all the higher 
plants and animals it is a nucleated cell, to which a greater 
or less amount of nutritive material, constituting a food- 
yelk, may be added. 

The male element, on the other hand, is relatively small. 
It may be conveyed to the female element by an out- 
growth of the wall of its cell, which is short in many 
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Alg(B and Ftmgi, but becomes an immensely elongated 
tubular filament, in the case of the pollen cell of flowering 
plants. But, more commonly, the protoplasm of the male 
cell becomes conTerted into rods or filaments, whifti 
usually are in active vibratile movement, and sometimes 
are propelled by numerous cilia. Occasionally, however, 
as in many Nematoidea and Arthropoda, they are devoid of 
mobility. 

The manner in which the contents of the pollen tube 
affect the embryo cell in flowering plants is unknown, as 
no perforation through which the contents of the pollen 
tube may pass, so as actually to mix with the substance of 
the embryo cell, have been discovered; and there is the 
same difficulty with respect to the conjugative processes 
of some of the Cryptogamia. But in the great majority 
of plants, and in all animals, there can be no doubt that 
the substance of the male element actually mixes with that 
of the female, so that, in all these cases, the sexual process 
remains one of conjugation; and impregnation is the 
physical admixture of protoplasmic matter derived from 
two sources, which may be either different parts of the same 
organism, or different organisms. 

The effect of impregnation apx>ear8 in all cases to be 
that the impregnated protoplasm tends to divide into 
portions (hlastomeres), which may remain united as a single 
cell- aggregate, or some or all of which may become separate 
organisms. A longer or shorter period of rest, in many 
cases, intervenes between the act of impregnation and the 
commencement of the process of division. 

As a general rule, the female cell which directly receives 
tlft influence of the male is that which undergoes division 
and eventual development into independent germs; but 
there are some plants, such as the FlorideoB, in which this 
is not the case. In these, the protoplasmic body of the 
trichogyne, which unites with the spermatozooids, does not 
undergo division itself, but transmits some influence to 
adjacent cells, in virtue of which they become subdivided 
into independent germs or spores. 



30 THE ANATOMY OP INVBBTEBEATBD ANIMALS. 


There is still much obscurity respecting the reproductive 
processes of the Infusoria ; but, in the VoriusellidcB, it would 
appear that conjugation merely determines a condition of 
tffe whole organism, which gives rise to the division of the 
endoplast or so-called nucleus, by which germs are thrown 
off; and if this be the case, the process would have some 
analogy to what takes place in the Floridece. 

On the other hand, the process of conjugation by which 
two distinct Diporpce combine into that extraordinary 
double organism, the Diplozoon paradoomm, does not directly 
give rise to germs, but determines the development of the 
sexual organs in each of the conjugated individuals ; and 
the same process takes place in a large number of the 
Infusoria, if what are supposed to be male sexual elements 
in them are really such. 

The process of impregnation in the Floridece is remark- 
ably interesting, from its bearing upon the changes which 
fecundation is known to produce upon parts of the parental 
organism other than the ovum, even in the highest animals 
and plants. 

The nature of the influence exerted by the male element 
upon the female is wholly unknown. No morphological 
distinction can be drawn between those cells which are 
capable of reproducing the whole organism without im- 
pregnation, and those which need it^ as is obvious from 
what happens in insects, where eggs which ordinarily re- 
quire impregnation, exceptionally, as in many moths, or 
regularly, as in the case of the drones among bees, develop 
without impregnation. Even in the higher animals, such 
as the fowl, the earlier stages of division of the germ may 
take place without impregnation. • 

In fact, generation may be regarded as a particular 
case of cell multiplication, and impregnation simply as one 
of the many conditions which may determine or affect that 
process. In the lowest organisms, the simple protoplasmic 
mass divides, and each part retains all the physiological pro- 
perties of the whole, and consequently constitutes a germ 
whence the whole body can be reproduced. In more ad- 
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vanced orgaiu8Bi% each of the nmltitude of cells into which 
the embryo cell is converted at first, probably retains ail, or 
nearly all, the physiological cs^bilities of the whole, and is 
capable of serving as a reproductive germ ; but as divisiin 
goes on, and many of the cells which result from division 
acquire special morphological and physiological properties, 
it seems not improbable that they, in proportion, lose their 
more general characters. In proportion, for example, as the 
tendency of a given cell to become a muscle cell or a car- 
tilage cell is more marked and definite, it is readily con- 
ceivable that its primitive capacity to reproduce the whole 
organism should be reduced, though it might not be alto- 
gether abolished. If this view is well based, the power of 
reproducing the whole organism would be limited to those 
cells which had acquired no special tendencies, and conse- 
quently had retained all the powers of the primitive cell* 
in which the organism commenced its existence. The more 
extensively diffused such cells were, the more generally 
might multiplication by budding or fission take place ; the 
more localised, the more limited would be the parts of the 
organism in which such a process would take place. And 
even Where such cells occurred, their development or non- 
deveJopment might be connected with conditions of nutri- 
tion. It depends on the nutriment supplied to the female 
larva of a bee whether Jt shall become a neuter or a sexually 
perfect female ; and the sexual perfection of a large pro- 
portion of the internal parasites is similarly dependent 
upon their food, and perhaps on other conditions, such as 
the temperature of the medium in which they live. Thus the 
gradual disappearance of agamogenesis in the higher animals 
wEuld be related with that increasing specialisation of 
function which is their essential characteristic ; and when 
it ceases to occur altogether, it may be supposed that no cells 
are left which retain unmodified the powers of the primi- 
tive embryo cell. The organism is like a society in which 
every one is so engrossed by his special business that he 
has neither time nor inclination to marry. 

Even the female elements in the highest organisms, 
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little as they differ to all appearance from undifferentiated 
cdls, and though they are directly derived from epithelial 
cells which have undergone very little modification from 
thte condition of blastomeres, are incapable of full develop- 
ment unless they are subjected to the influence of the 
male element, which may, as Caspar Wolff suggested, be 
compared to a kind of nutriment. But it is a living nutri- 
ment, in some respects comparable to that which would be 
supplied to an animal kept alive by transfusion, and its 
molecules transfer to the impregnated embryo cell all the 
special characters of the organism to which it belonged. 

The tendency of the germ to reproduce the characters 
of its immediate parents, combined, in the case of sexual 
generation, with the tendency to reproduce the characters 
of the male, is the source of the singular phenomena of 
‘hereditary transmission. No structural modification is so 
slight, and no functional peculiarity is so insignificant in 
either parent that it may not make its appearance in the 
offspring. But the transmission of parental peculiarities 
depends greatly upon the manner in which they have been 
acquired. Such as have arisen naturally, and have been 
hereditary through many antecedent generations, tend to 
appear in the progeny with great force; while artificial 
modifications, such for example, as result from mutilation, 
are rarely if ever, transmitted. Circumcision through in- 
numerable ancestral generations does not appear to have 
reduced that rite to a mere formality, as it should have 
done, if the abbreviated prepuce had become hereditary in 
the descendants of Abraham ; while modem lambs are bora 
with long tails, notwithstanding the long-continued prac- 
tice of cutting those of every generation short. And •it 
remains to be seen whether the supposed hereditary trans- 
mission of the habit of retrieving among dogs is really what 
it seems at first sight to be; on the other side, Brown- 
Sequard’s case of the transmission of ailificially induced 
epilepsy in guinea-pigs is undoubtedly very weighty. 

Although the germ always tends to reproduce, directly 
or indirectly, the organism from which it is derived, the 
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reerult of its development differs somewhat from the parent. 
Usually the amount of variation is insignificant; but it 
may be considerable, as in the so-called “sports;” and 
such variations, whether useful or useless, may be trarft- 
mitted with great tenacity to the offspring of the subjects 
of them. 

In many plants and animals which multiply both asexu- 
ally and sexually, there is no definite relation between the 
agamogenetic and the gamogenetic phenomena. The or- 
ganism may multiply asexually before, or after, or con- 
currently with, the occurrence of sexual generation. 

But in a great many of the lower organisms, both animal 
and vegetable, the organism (A) which results from the im- 
pregnated germ produces offspring only agamogenetically. 
It thus gives rise to a series of independent organisms, 
(B, B, B, . . .), which are more or less different from A, 
and which sooner or later acquire generative organs. From 
their impregnated germs A is reproduced. The process 
thus described is what has been termed the “ alternation 
of generations ” under its simplest form, — for example, as 
it is exhibited by the Salpae. In more complicated cases, 
the independent organisms which correspond with B may 
give rise agamogenetically to others (Bj), and these to others 
(Bj), and so on (e.g. Aphis), But, however long the series, 
a final term appears which developes sexual organs, and 
reproduces A. The “ alternation of generations ” is, there- 
fore, in strictness, an alternation of asexual with sexual 
generation, in which the products of the one process differ 
from those of the other. 

The Kydrozoa offer a complete series of gradations be- 
tween those cases in which the term B is represented by a 
free, self -nourishing organism {e.g.^ Cyanesa), through those 
in which it is free but unable to feed itself {Calycophorid^xi), 
to those in which the sexual elements are developed in 
bodies which resemble free zooids, but are never detached, 
and are mere genei*ative organs of the body on which they 
are developed (Cordylophora). 

In the last case, the “ individual ” is the total product of 
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the development of the impregnated embryo, all the parts 
of which remain in material continuity with one another. 
The multiplication of mouths and stomachs in a Cord/y- 
hphora no more makes it an aggregation of different 
individuals than the multiplication of segments and legs in 
a centipede converts that Arthropod into a compound 
animal. The Cord/ylophora is a differentiation of a whole 
into many parts, and the use of any terminology which im- 
plies that it results from the coalescence of many parts into 
a whole is to be deprecated. 

In Cord/ylophora the generative organs are incapable of 
maintaining a separate existence; but in nearly allied 
JBydrozoa the unquestionable homologues of these organs 
become free zooids, in many cases capable of feeding and 
growing, and developing the sexual elements only after 
they have undergone considerable changes of form. Mor- 
phologically, the swarm of Medusae thus set free from a 
Hydrozoon are as much organs of the latter, as the multi- 
tudinous pinnules of a Conuitnda, with their genital glands, 
are organs of the Echinoderm. Morphologically, therefore, 
the equivalent of the individual Corn^cdula is the Hydrozoic 
stock plus all the Medusae which proceed from it. 

No doubt it sounds paradoxical to speak of a million of 
Aphides, for example, as parts of one morphological indivi- 
dual ; but beyond the momentary shock of the paradox no 
harm is done. On the other hand, if the asexual Aphides 
are held to be individuals, it follows, as a logical conse- 
quence, not only that all the polypes on a Cord/ylophora 
tree are feeding individuals,” and all the genital sacs 
** generative individuals,” while the stem must be a 
“ stump individual,” but that the eyes and legs of a lob|^r 
are “ocular” and “locomotive individuals.” And this 
conception is not only somewhat more paradoxical than the 
other, but suggests a conception of the origin of the com- 
plexity of animal structure which is wholly inconsistent 
with fact. 
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IV. ^TIOLOOT. 

Morpliologj) Distribution, and Physiology iuTestigat^ 
and determine the facts of Biology. dBtiology has for its 
3 bject the ascertainment of the causes of these facts, and 
jhe explanation of biological phenomena, by showing that 
hey constitute particular cases of general physical laws. 
It is hardly needful to say that aetiology, as thus conceived, 
*8 in its infancy, and that the seething controversies, to 
which the attempt to found this branch of science made 
in the Origin of Species has given rise, cannot be dealt with 
in this place. At most, the general nature of the problems 
to be solved, and the course of inquiry needful for their 
solution, may be indicated. 

In any investigation into the causes of the phenomena of 
life, the first question which arises is, whether we have 
any knowledge, and if so, what knowledge, of the origin 
of living matter P 

In the case of all conspicuous and easily-studied organ- 
isms, it has been obvious, since the study of nature began, 
that living beings arise by generation from living beings 
of a like kind ; but before the latter part of the 17th cen- 
tury, learned and unlearned alike shared the conviction 
that this rule was not of universal application, and that 
multitudes of the smaller and more obscure organisms were 
produced by the fermentation of not-living, and especially 
of putrefying dead matter, by what was then termed gene^ 
ratio ceqmvooa or spontanea, and is now called abiogenesis, 
Redi showed that the general belief was erroneous in a 
muliitude of instances*; Spallanzani added largely to the 
ist ; while the investigations of the scientific helmintholo- 
gists of the present century have eliminated a further 
oategory of cases in which it was possible to doubt the 
applicability of the rule ** omne vivnrn e vivo ” to the more 
complex organisms which constitute the present fauna and 
flora of the earth. Even the most extravagant supporters 
of abiogenesis at the present day do not pretend that 

n 2 
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organisms of liiglier rank than the lowest Fungi and 
Protozoa are produced otherwise than by generation from 
pre-existing organisms. But it is pretended that JJac- 
ieria, TotuIcb, certain Fimgi, and “ Monads ” are developed 
under conditions which render it impossible that these 
organisms should have proceeded directly from living 
matter. 

The experimental evidence adduced in favour of this 
proposition is always of one kind, and the reasoning on 
which the conclusion that abiogenesis occurs is based may 
be stated in the following form : — 

All living matter is killed by being heated to n degrees. 

The contents of a vessel, the entry of germs from with- 
out into which is prevented, have been heated to n degrees. 

Therefore, all living matter which may have existed 
therein has been killed. 

But living Bacteria, &c., have appeared in these contents 
subsequently to their being heated. 

Therefore, they have been formed abiogenetically. 

No objection can be taken to the logical form of this 
reasoning, but it is obvious that its applicability to any 
particular case depends entirely upon the validity, in that 
case, of the first and second propositions. 

Suppose a fluid to be full of Bacteria in active motion, 
what evidence have we that they are killed when that fluid 
is heated to n degrees? There is but one kind of con- 
clusive evidence, namely, that from that time forth no 
living Bacteria make their appearance in tbe liquid, sup- 
posing it to be properly protected from the intrusion of 
fresh Bacteria. The only other evidence, that, for example, 
which may be furnished by the cessation of the motioi^ of 
the Bcuiteria, and such slight changes as our microscopes 
permit us to obseiwe in their optical characters, is simply 
presumptive evidence of death, and no more conclusive 
than the stillness and paleness of a man in a swoon are 
proof that he is dead. And the caution is the more neces- 
sary in the case of Bacteria, since many of them naturally 
pass a considerable part of their existence in a condition 
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in which they show no marks of life whatever save growth 
and multiplication. 

If indeed it could be proved that» in cases which are not 
open to doubt, living matter is always and invariably killeft 
at precisely the same temperature, there might be some 
ground for the assumption, that, in those which are obscure, 
death must take place under the same circumstances. But 
what are the facts? It has already b'^en pointed out, 
that leaving Bacteria aside, the range of high temperatures 
between the lowest, at w’hich some living things are certainly 
killed, and the highest, at which others certainly live, is 
rather more than 100° Fahr., that is to say, between 104° 
Fahr. and 208° Fahr. It makes no sort of difference to 
the argument how living beings have come to be able to 
bear such a temperature as the last mentioned; the fact 
that they do so is sufficient to prove that, under certain 
conditions, such a temperature is not sufficient to destroy 
life.* 

Thus it appears that there is no ground for the assump- 
tion that all living matter is killed at some given tempera- 
ture between 104° and 208° Fahr. 

No experimental evidence that a liquid may be heated 
to n degrees, and yet subsequently give rise to living or- 
ganisms, is of the smallest value as proof that abiogenesis 
has taken place, and for two reasons : — Firstly, there is no 
proof that organisms of the kind in question are dead, ex- 
cept their permanent incapacity to grow and reproduce 
their kind ; and secondly, since we know that conditions 
may largely modify the power of resistance of such organ- 
isms to heat, it is far more probable that such conditions 
existed in the experiment in question, than that the organ- 
isms were generated afresh out of dead matter. 

Not only is the kind of evidence adduced in favour of 
abiogenesis logically insufficient to furnish proof of its 
occurrence, but it may be stated as a well-based induction, 

* Messrs. Dallinger and Drys- destroyed lyr exposure to a tern- 
dale have recently shown good perature of 260° Fahr. or even 
grounds for believing that the 300® Fahr. 
germs of some Monads are not 
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that the more careful the investigator, and the more com- 
plete his mastery over the endless practical difficulties 
which surround experimentation on this subject, the more 
Certain are his experiments to give a negative result ; while 
positive results are no less sure to crown the efforts of the 
clumsy and the careless. 

It is argued that a belief in abiogenesis is a necessary 
corollary from the doctrine of Evolution. This may be true 
of the occurrence of abiogenesis at some time ; but if the 
present day, or any recorded epoch of geological time, be in 
question, the exact contrary holds good. If all living beings 
have been evolved from pre-existing forms of life, it is 
enough that a single particle of living protoplasm should 
once have appeared on the globe, as the result of no matter 
what agency. In the eyes of a consistent evolutionist, any 
further independent formation of protoplasm would be sheer 
waste. 

The production of living matter since the time of its first 
appearance, only by way of biogenesis, implies that the 
specific forms of the lower kinds of life have undergone but 
little change in. the course of geological time, and this is 
said to be inconsistent with the doctrine of evolution. But, 
in the first place, the fact is not inconsistent with the 
doctrine of evolution properly understood, that doctrine 
being perfectly consistent with either the progression, the 
retrogression, or the stationary condition of any particular 
species for indefinite periods of time ; and secondly, if it 
were, it would be so much the woi*8e for the doctrine of 
evolution, inasmuch as it is unquestionably true, that 
certain, even highly organised, forms of life have persisted 
without any sensible change for very long periods. ^Che 
TerebrcUttla psittacea of the present day, for example, is not 
distinguishable from that of the Cretaceous epoch, while the 
highly organised Teleostean fish, Beryx, of the Chalk differed 
only in minute specific characters from that which now 
lives. Is it seriously suggested that the existing Tere- 
brcMce and Beryces are not the lineal descend^ts of 
their Cretaceous ancestors, but that their modern represen- 
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tatives have been independently developed from primordial 
germs in the interval P But it this is too fanta^c a sug- 
gestion for grave consideration, why are we to believe that 
the OlobigermcB of the present day are not lineally descended 
from the Cretaceous forms P And if their unchanged gene- 
rations have succeeded one another for all the enormous 
time represented by the deposition of the Chalk and that 
of the Tertiary and Quaternary deposits, what difficulty 
is there in supposing that they may not have persist^ 
imchange^ for a greatly longer period ? 

The fact is, that at the present moment there is not a 
shadow of trustworthy direct evidence that abiogenesis does 
take place, or has taken place, within the period during 
which the existence of life on the globe is recorded. But it 
need hardly be pointed out, that the fact does not in the 
slightest decree interfere with any conclusion that may be* 
arrived at, deductively, from other considerations that, at 
some time oi other, abiogenesis must have taken place. 

If the hypothesis of evolution is true, living matter must 
have arisen from not-living matter ; for by the hypothesis, 
the condition of the globe was at one time such that living 
matter could not have existed in it,* life being entirely 
incompatible with the gaseous state. But living matter 
once originated, there is no necessity for another origina- 
tion, since the hypothesis postulates the unlimited, though 
perhaps not indefinite, modifiability of such matter. 

Of the causes which have led to the origination of living 
matter, then, it may be said that we know absolutely 
nothing. But postulating the existence of living matter 
endowed with that power of hereditary transmission, and 
v4tli that tendency to vary which is found in ail such 
matter, Mr. Darwin has shown good reasons for believing 
that the interaction between living matter and surround- 


* It makes no difference if we 
adopt Sir W. Thomson’s hypothe- 
sis, and suppose that the germs 
of living things have been trans- 
ported to our globe from some 
other, seeing that there is as much 


reason for supposing that all 
stellar and planetary components 
of the universe are or have been 
gaseous, as that the earth has 
passed through this stage. 



40 THE ANATOMY OP INVERTBBEATED ANIMALS. 

ing conditions, wldcli results in the survival of the fittest, 
is sufficient to account for the gradual evolution of plants 
and animals from their simplest to their most complicated 
f^ms, and for the known phenomena of Morphology, 
Physiology, and Distribution. 

Mr. Darwin has further endeavoured to give a physical 
explanation of hereditaiy transmission by his hypothesis 
of Pangenesis; while he seeks for the principal, if not 
the only cause of variation in the influence of changing 
conditions. 

It is on this point that the chief divergence exists 
among those who accept the doctrine of Evolution in its 
general outlines. Three views may be taken of the causes 
of variation : — 

a. In virtue of its molecular structure, the organism 
•may tend to vary. This variability may either be indefinite, 
or may be limited to certain directions by intrinsic condi- 
tions. In the former case, the result of the struggle for 
existence would be the survival of the fittest among an 
indefinite number of varieties ; in the latter case, it would 
be the survival of the fittest among a certain set of varieties, 
the nature and number of which would be predetermined 
by the molecular structure of the organism. 

h. The organism may have no intrinsic tendency to vary, 
but variation may be brought about by the influence of 
conditions external to it. And in this case also, the varia- 
bility induced may be either indefinite or defined by in- 
trinsic limitation. 

c. The two former cases may be combined, and variation 
may to some extent depend upon intrinsic, and to some 
extent upon extrinsic, conditions. o 

At present it can hardly be said that such evidence as 
would justify the positive adoption of any one of these 
views exists. 

If all living beings have come into existence by the 
gradual modification, through a long series of generations, 
of a primordial living matter, the phenomena of embryonic 
development ought to be explicable as particular cases of 
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the general law of hereditary transmission. On this view, 
a tadpole is first a fish, and then a tailed amphibian, pro- 
vided with both gills and lungs, before it becomes a frog, 
because the frog was the last term in a series of modifica- 
tions whereby some ancient fish became an urodele amphi- 
bian; and the urodele amphibian became an anurous 
amphibian. In fact, the development of the embryo is a 
recapitulation of the ancestral history of the species. 

If this be so, it follows that the development of any 
organism should furnish the key to its ancestral history ; 
and the attempt to decipher the full pedigree of organisms 
from so much of the family history as is recorded in their 
development has given rise to a special branch of biological 
speculation, termed phylogeny. 

In practice, however, the reconstruction of the pedigree 
of a group from the developmental history of its existing* 
members is fraught with difficulties. It is highly probable 
that the series of developmental stages of the individual 
organism never presents more than an abbreviated and 
condensed summary of ancestral conditions; while this 
summary is often strangely modified by variation and 
adaptation to conditions; and it must be confessed that, 
in most cases, we can do little better than guess what is 
genuine recapitulation of ancestral forms, and what is the 
effect of comparatively late adaptation. 

The only perfectly safe foundation for the doctrine of 
Evolution lies in the historical, or rather archfieological, 
evidence that particular organisms have arisen by the 
gradual modification of their predecessors, which is fur- 
nished by fossil remains. That evidence is daily increasing 

amount and in weight; and it is to be hoped that the 
comparison of the actual pedigree of these organisms with 
the phenomena of their development may fumish some 
criterion by which the validity of phylogenetic conclusions, 
deduced from the facts of embryology alone, may be satis- 
factorily tested. 
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CHAPTER L 

I.— THE DISTINCTIVE CHARACTBES OF ANIMALS. 

The more complicated forms of the living things, the 
general characters of which have now been discussed, appear 
to be readily distinguishable into widely separated groups. 
Animals and Plants. The latter have no power of locomo- 
tion and only rarely exhibit any distinct movement of their 
parts when these are irritated, mechanically or otherwise. 
*They are devoid of any digestive cavity ; and the matters 
•^hich serve as their nutriment are absorbed in the gaseous 
and fluid state. Ordinary animals, on the contrary, not only 
possess conspicuous locomotive activity, but their parts 
readily alter their form or position when instated. Their 
nutriment, consisting of other animals or of plants, is taken 
in the solid form into a digestive cavity. 

But even without descending to the very lowest forms 
of animals and plants, we meet with facts which weaken 
the force of these apparently broad distinctions. Among 
animals, a coral or an oyster is as incapable of locomotion 
as an oak ; and a tape-worm feeds by imbibition and not by 
the ingestion of solid matter. On the other hand, the 
Sensitive Plant and the Sundew exhibit movements on 
irritation, and the recent observations of Mr. Darwin and 
others leave little doubt that the so-called “ insectivorofls 
plants ” really digest and assimilate the nutritive matters 
contained in the living animals which they catch and de- 
stroy. All the higher animals are dependent for the protein 
compounds which they contain upon other animals or upon 
plants. They are unable to manufacture protein out of 
simpler substances ; and although positive proof is wanting 
that this incapacity extends to all animals, it may safely be 
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asBiuned to exist in all those forms of aaiiniA.1 life which 
take in solid nutriment, or which live parasitioally on other 
animals or plants, in situations in which thej are provided 
with abundant supplies of protein in a dissolved state. • 

The great majority of the higher plants, on the contrary, 
are able to manufacture protein when supplied with car- 
bonic acid, ammoniacal salts, water, and sundry mineral 
phosphates and sulphates : obtaining the carbon which they 
require by the decomposition of the carbonic acid, the 
oxygen of which is disengaged. One essential factor in the 
performance of this remarkable chemical process is the 
chlorophyll which these plants contain, and another is the 
sun’s light. 

Certain animals (Infusoria^ Ccelentercda, Thirhella/ria) 
possess chlorophyll, but there is no evidence to show what 
part it plays in their economy. Some of the higher planti 
when parasitic, and a great group of the lower plants, the 
Fungi (which may be parasitic or not), are, however, devoid 
of chlorophyll, and are consequently totally unable to 
derive the carbon which they need from carbonic acid. 
Nevertheless they are sharply distinguished from animals, 
inasmuch as they are stiU, for the most part, manufac- 
turers of protein. Thus such a Fungus as PenMiUivm is 
able to fabricate all the constituents of its body out of 
ammonium tartrate, sulphate and phosphate, dissolved in 
water (see stiprd, p. 6, note ) ; and the yeast-plant flourishes 
and multiplies with exceeding rapidity in water containing 
sugar, ammonium tartrate, potassium phosphate, calcium 
phosphate, and magnesium sulphate. 

Nevertheless, the experiments of Mayer have shown 
that when peptones are substituted for the ammonium 
tartrate, the nutrition of the yeast-plant is favoured 
instead of being impeded. So that it would seem that the 
yeast-plant is able to take in protein compounds and 
assimilate them, as if it were an animal ; and there can l>e 
no reasonable doubt that many parasitic Fungi, such as 
the Botrytis Baseuma of the siJk-worm caterpillar, the 
Empuaa of the house-fly, and, very probably, the Peronospora 
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of tlie potato-plant, directly assimilate the protein substances 
contained in the bodies of the plants and animals which 
they infest; nor is it clear that these Fungi ai*e able to 
maintain themselves upon less fully elaborated nutriment. 

Cellulose, amyloid and saccharine compounds were 
formerly supposed to be characteristically vegetable pro- 
ducts ; but cellulose is found in the tests of Ascidians ; and 
amyloid and saccharine matters are of very wide, if not 
universal, occurrence in animals. 

And on taking a comprehensive survey of the whole 
animal and vegetable worlds, the test of locomotion breaks 
down as completely as does that of nutrition. For it is the 
rule rather than the exception among the lowest plants, that 
at one stage or other of their existence they should be 
actively locomotive, their motor organs being usually ciZia, 
Altogether similar in character and function to the motor 
organs of the lowest animals. Moreover, the protoplasmic 
substance of the body in many of these plants exhibits 
rhythmically pulsating spaces or conirdctile vacuoles of 
the same nature as those characteristic of so many animals. 

No better illustration of the impossibility of drawing any 
sharply defined distinction between animals and plants can 
be found, than that which is supplied by the history of what 
are commonly termed ‘ Monads.’ 

The name of ‘ Monad ’ ♦ has been commonly applied to 
minute free or fixed, rounded or oval bodies, provided with 
one or more long cilia (flagella), and usually provided with 
a nucleus and a contractile vacuole. Of such bodies, all of 
which would properly come under the old group of Monadidce, 
the history of a few has been completely worked out ; and 
the result is that, while some (e,g. Chlamydornonas, zo&- 
spores of Peronospora and Coleochcete) are locomotive condi- 
tions of indubitable plants; others (Badiolaria, Noctiluca) 
are embryonic conditions of as indubitable animals. Yet 
others (zoospores of Myxomycetes) are embryonic forms of 
organisms which appear to be as much animals as plants ; 

* O. F. Mfiller, * Historia coiispicuus, simpliciBsimus, pcl- 
Tenniom,* 1773. “Verraia in- luciuus, punotitormis.” 
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inasmuoli as in one condition they take in solid nutriment, 
and in another have the special morphological, if not 
physiological peculiarities of plants; while, lastly, in the 
case of such monads as those recently so carefully studied 
by Messrs. DaUing^r and Brysdale, the morphological 
characters of which are on the whole animal, while their 
mode of nutrition is unknown, it is impossible to say 
whether they should be regarded as animals or as plants. 

Thus, traced down to their lowest terms, the series of 
plant forms gradually lose more and more of their dis- 
tinctive vegetable features, while the series of animal 
forms part with more and more of their distinctive animal 
characters, and the two series converge to a common term. 
The most characteristic morphological peculiarity of the 
plant is the investment of each of its component ceUs by a 
sac, the walls of which contain cellulose, or some closely 
analogous compoimd ; and the most characteristic physio- 
logical peculiarity of the plant is its power of manufacturing 
protein from chemical compounds of a less complex nature. 

The most characteristic morphological peculiarity of the 
animal is the absence of any such cellulose investment.’^ 
The most characteristic physiological peculiarity of the 
animal is its want of power to manufacture protein out of 
simpler compounds. 

The great majority of living things are at once referable 
to one of the two categories thus defined ; but there are 
some in which the presence of one or other characteristic 
mark cannot be ascertained, and others which appear at 
different periods of their existence to belong to different 
categories. 

No analysis of the substance with cellulose when heated ixith 
composing trie cysts in which so the double hyfwsulphite of cop- 
many of the Protozoa inclose them- per and ammonia, it is possible, 
selves temporarily, has yet been tlierefure, that the difference be- 
made. But it is not improbable tween the chitinous investment of 
that it may be analogue to chitin ; an animal and the cellulose invest - 
and if so, it is worthy of remark ment of a plant may depend upoii 
that though chitin is a nitroge- the proportion of nitrogenous 
nous body, it readily yields a matter which is present in each 
substance apparently identical case in addition to the chitin. 
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II. — THB MOBPHOLOGICAL DIFPBBBNTIATION OP 
ANIMALS. 

simplest form of animal life imaginable would be a 
protoplasmic body, devoid of motility, maintaining itself by 
tbe ingestion of such proteinaceous, fatty, amyloid and 
mineral matters as might be brought into contact with it 
by external agencies ; and increasing by simple extension 
of its mass. But no animal of this degree of simplicity is 
known to exist. The very humblest animals with wMch 
we are acquainted exhibit contractility, and not only in- 
crease in size, but, as they grow, divide, and thus undergo 
multiplication. In the simplest known animals — the Frototoa 
— ^the protoplasmic substance of the body does not become 
differentiated into discrete nucleated masses or cells, which 
by their metamorphosis give rise to the different tissues of 
which the adult body is composed. And, in the lowest of 
the Protozoa, the body has neither a constant form nor any 
further distinction of parts than a greater density of the 
peripheral, as compared with the central, part of the proto- 
plasm. The first steps in complication are the appearance 
of one or more rhythmically contractile vacuoles, such as 
are found in some of the lower plants ; and the segregation 
of part of the interior protoplasm as a rounded mass, the 
“ endoplast ” or “ nucleus.” Other Protozoa advance further 
and acquire permanent locomotive organs. These may be 
developed only on one part of the surface of the body, 
which may be modified into a special organ for their 
support. In some, a pedicle of attachment is formed, and 
the body may acquire a dense envelope {Infusoria), or 
secrete an internal skeleton of calcareous or silicious 
matter {Foraminifera, BaMolaria), or fabricate such a skele- 
ton by gluing together extraneous particles {Foraminifera), 
A month and gullet, with an anal aperture, may be formed, 
and the permeable soft central portion of the protoplasm 
may be so limited as to give rise to a virtual alimentary 
tract between these two apertures. The contractile vacuole 



MOKPHOIfO<»ICA.L DIFFSEEVTIATION. 47 

may be developed into a complicated system of canals 
(Parcm^cecmm), and tbe endoplast may take on more and 
more definitely the characters of a reproductive organ, that 
is, may be the focus of origin of germs capable of repro- 
ducing the individual {VorUeella). In fact, rudiments of all 
the chief system of organs of the higher animals, with the 
exception, more or less doubtful, of the nervoua, are thus 
sketched out in the Pro^soa, just as the organs of the higher 
plants are sketched out in Ca/tderpa, 

In the Metazoa^ which constitute the rest of the animnl 
kingdom, the animal, in its earliest condition, is a pro- 
toplasmic mass with a nucleus — is, in short, a Protozoon. 
But it never acquires the morphological complexity of its 
adult state by the direct metamorphosis of the protoplasmic 
matter of this nucleated body — the ovum — into the different 
tissues. On the contrary, the first step in the development 
of all the Metazoa is the conversion of the single nucleated 
body into an aggregation of such bodies of smaller size 
— the Morula — ^by a process of division, which usually 
takes place with great regularity, the oviim dividing fir^ 
into two segments, which then subdivide, giving rise to 
four, eight, sixteen, &c., portions, which are the so-called 
division masses or hlastomeres, 

A similar process takes place in sundry Protozoa and 
gives rise to a protozoic aggregate, which is strictly 
comparable to the Morula, But the members of the 
protozoic aggregate become separate, or at any rate 
independent existences. What distinguishes the metazoic 
aggregate is that, though its component blastomeres also 
retain a certain degree of physiological independence, 
th^y remain united into one morphological whole, and their 
several metamorphoses are so ordered and related to one 
another, that they constitute members of a mutually 
dependent commonalty. 

The Metazoa are the only animals which fall under 
common observation, and have therefore been known 
from the earliest times. All the higher languages possess 
general names equivalent to our beast, bird, reptile, fish, 
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insect and worm ; and this shows the very early perception 
of the fact, that notwithstanding the wonderful diversity 
of animal forms, they are modelled upon comparatively 
few great types. 

In the middle of the last century the founder of modem 
Taxonomy, Linnseus, distinguished animals into Mammalia, 
Aves, Amphibia, Pisces, Insecta and Vermes, that is to say, 
he converted common sense into science by defining and 
giving precision to the rough distinctions arrived at by 
ordinary observation. 

At the end of the century, Lamarck made a most impor- 
tant advance in general morphology, by pointing out that 
mammals, birds, reptiles, and fishes, are formed upon one 
type or common plan, the essential character of which is the 
possession of a spinal column, interposed between a cere- 
• bro-spinal and a visceral cavity; and that in no other animals 
is the same plan of construction to be discerned. Hence he 
di*ew a broad distinction between the former and the latter, 
as the Vertebeata and the Inveetebeata. But the 
advance of knowledge respecting the structure of inverte- 
brated animals, due chiefly to Swammerdam, Trembley, 
Reaumur, Peyssonel, Goeze, Roesel, Ellis, Fabricius, O. F. 
Muller, Lyonet, Pallas, and Cuvier, speedily proved that the 
Invertebrata are not framed upon one fundamental plan, 
but upon several; and, in 1795, Cuvier* showed that, at 
fewest, three morphological types, as distinct from one 
another as they are from that of the vertebrated animals, are 
distinguishable among the Invertebrata. These he named 
—I. Mollusques; II, Insectes et Vers; HI. Zoophytos. In 
the ‘ R^gne animal ’ (1816), these terms are Latinised, Ani- 
malia MoUusca, Ariiculata, and Badiata. Thus, says Cuvijr : 

“ It will be found that there exist four principal forms, 
four general plans, if it may thus be expressed, on which all 
animals appear to have been modelled; and the ulterior 
divisions of which, under whatever title naturalists may 
have designated them, are merely slight modifications, 
founded on the development or addition of certain parts. 

♦ Tableau ^l^mentaire de I'histoire des animaux. An vi. 
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These four common plans are those of the Vertehrata, the 
MoUusca, the Articulata, and the Badiata” 

For extent, variety, and exactness of knowledge. Cuvier 
was, beyond all comparison, the greatest anatomist who h^ 
ever lived ; but the absence of two conditions rendered it 
impossible that his survey of the animal kingdom should 
be exhaustive, grand and comprehensive as it was. 

Up to the time of Cuvier’s death in 1832, microscopic inves- 
tigation was in its inffincy, and hence the great majority of 
the lowest forms were either unknown or little understood ; 
and it was only in the third decade of the present century 
that Rathke, Bollinger and Von Baer commenced that won- 
derful series of exact researches into embryology, which 
Von Baer organised into a special branch of moi'i)hology, 
developing all its most important consequences and raising 
it to its proper position, as the criterion of morphological 
theories. 

Upon embryological grounds Yon Baer amved at the 
same conclusion as Cuvier, that there are four eimimon 
plans of animal structure. 

In the course of the last half-century the activity of 
anatomists and embryologists has been pi*odigious, and it 
may be reasonaldy doubted whether any form of animal 
life remains to be discovered which will not be found to 
accord with one other of the common plans n<vw 
known. But at the same time this increase of knowUnlge 
hiw5 abolished the broad lines of demarcation which formerly 
a}>peared to separate one common plan from another. 

Even the hiatus between the Vertehrata and the Itutr- 
tehrata, is partly, if not wholly, brhiged over; and though 
aiutng the Invertebrata. there is no difficulty in distinguish- 
ing the more completely differentiated representatives 
such types or common phins as those of the Arthropod<tAhe 
ArnieUd-a, the MoUnsca, the Tunicata, the Echimdermata, the 
Conkntrerata, and the Forifera, yet every year brings forth 
fresh evidence to the effect, that just as the plan of the 
plant is not absolutely distinct from that of the animal, so 
that of the Vertebrate has its points of commimity with 
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that of certain of tlie Invertebrates ; that the Arthropod, 
the MoUusk, and the Echinoderm plans ai’e united by that 
of the lower worms, and that the plan of the latter is 
separated by no very great differences, from that of the 
Coelenterate and that of the Sponge. 

Whatever speculative views may be held or rejected as to 
the origin of the diversities of animal form, the facts of 
anatomy and development compel the morphologist to 
regard the whole of the Metazoa as modifications of one 
I actual or ideal primitive type, which is a sac with a double 
! cellular wall, enclosing a central cavity and open at one end. 
jThis is what Haeckel tei*ms a Gastrcea. The inner wall of 
the sac is the hypoblast [endode^'m of the adult), the outer 
the epiblast (ectoderm). Between the two, in all but the 
very lowest Metazoa, a third layer, the mesoblast (mesoderm 
of the adult), makes its appearance. 

In the Pori/era, the terminal aperture of the gastrsea 
becomes the egestive opening of the adult animal, and the 
ingestive apertures are numerous secondary pore-like 
apertures formed by the separation of adjacent cells of the 
ectoderm and endoderm. The body may become variously 
branched, a fibrous or spicular endoskeleton is usually deve- 
loped in the ectoderm, and no perivisceral cavity is developed. 
There are no appendages for locomotion or prehension ; no 
nervous system nor sensory organs are known to exist ; nor 
are there any circulatory, respiratory, renal, or generative 
organs. 

In the Coelenierata, the terminal aperture of the gastrtca 
becomes the mouth, and if pores perforate the body walls, 
they do not subserve the ingestion of food. There is no 
separate perivisceral cavity, but, in many, an enterocoelB or 
system of cavities, continuous with, but more or less separate 
from the digestive cavity, extends through the body. 
Prehensile appendages, tentacula, are developed in great 
variety. A chitinous exoskeleton appears in some, a 
calcareous or chitinous endoskeleton in others. There are 
no circulatory, respiratory, or renal organs (though it is 
possible that certain cells in the Porpitw, e.g. may have an 
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uropoietic function) ; but special genital organs make their 
appeai’ance, as do a definitely-arranged nervous system and 
organs of sense. 

The lowest Turhellaria are on nearly the same grade 
of organisation as the lower Ccdenferata, but the thick 
mesoderm is traversed by canals which constitute a water^ 
vascular system. In the adult state these canals open, 
on the one side, into the interstices of the mesodermal 
tissues, and, on the other, communicate with the exterior. 
Their analogy to the contractile vacuoles of the Infusoria 
on the one hand, and to the segmental organs of the 
Annelids on the other, lead me to think that they are formed 
by a splitting of the mesoblast, and that they thus represent 
that form of perivisceral cavity which I have termed a 
schizoccele. A nervous system consisting of a single or 
double ganglion with two principal longitudinal nerve cords, * 
is found in many ; and there may be eyes and auditory sacs. 

Upon this foundation a gradual complication of form is 
based, brought about by — 

1. The elongation of the bilaterally symmetrical body 
and the formation of a chitinous exoskeleton. 

2. The development of a secondary aperture near the 
anterior end of the body, which becomes the permanent 
mouth. 

3. The division of the mesoldast into successive segments 
(somites). 

4. The development of two nervous ganglia in each somite. 

5. The outgrowth of a pair of appendages from each 
somite, and their segmentation. 

6. The gradual specialisation of the somites into cephalic, 
thoracic and abdominal groups; and that of their appen- 
dages into sense organs, jaws, locomotive limbs, and respi- 
ratory organs. 

7. The conversion of the schizococle into a spjudous 
perivisceral cavity containing blood; the reduction of the 
water-vascular system and the appearance of pseudo-haunal 
vessels ; and the replacement of these, in the higher fomi^v, 
by a heart, aiiieries, and veins, which contain blood. 
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8. The conversion of the simple inner sac of the gastraea 
into a highly complex alimentary canal, with special glan- 
dular appendages, representing the liver and the kidneys. 

A similar differentiation of the genital apparatus. 

10. A gradual complication of the eye, which, in its most 
perfect form, presents a series of crystal -clear conical rods, 
disposed perpendicularly to the transparent corneal region 
of the chitinous exoskeleton, and connected by their inner 
ends with the optic nerves of tlie prse-cesophageal gtinglia. 

By such modifications as these the plan of the simple 
Turbellarian gradually passes into that of the highest 
Arthropod. 

Starting from the same point, if the mesoblast does not 
become distinctly segmented; if few, pro])ably not more 
than three, pairs of ganglia are formed; if there are no 
• segmented appendages, but the chief locomotive organ is a 
muscular foot develoj^ed in the neural aspect of the body ; 
if, in the place of the chitinous exoskeleton, a shell is 
secreted by a specially modified part of the hapmal wall 
termed the mantle ; if the schizocoele is converted into a blood 
cavity, which communicates with the exterior by an organ 
of Bojanus, which appears to represent the water-vascular 
system and the segmental organs; and if, jilong with these 
changes, the alimentary, circulatory, respiratory, genital, 
and sensory organs take on special characters, we arrive at 
the complete Molluscan plan. 

From the Turbellarian to the Tunicate, or Ascidian, thi‘ 
passage is indicated, if not effected, by Balanogloasm, wliich, 
in its larval state, is comparable to an Appetidlculnria with- 
out its caudal appendage. On the other hand, the large 
phaiynx of the Tunicata and the circle of tentacula aroifnd 
the oral aperture, with the singhi ganglion, approximate 
them to the Folyzoa. In the perforation of the pharynx by 
lateral apertures, which communicate with the exterior, 
either directly or by the intennediation of ftn atrial cavity, 
the Ttmicaia reBenihle only Balarwylosinifi and the Vertchraia . 
The axial skeleton of the caudal appendage has no parallel 
except in the vertebrate notochord. In the structui’e of 
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the heart and the regular reversal of the direction of its 
contractions, the Tu/nicata stand alone. The general 
presence of a test solidified by cellulose is a marked 
peculiarity, but in estimating its apparent singularity tile 
existence of cellulose as a constituent of chitin must be 
remembered. Finally, the tadpole-like larvae of many Asci- 
dians are comparable only to the Cercarioe of Trematodes, 
on the one hand, and to vertebrate larval forms on the 
other. 

Yet another apparently very distinct type is met with in 
the extensive group of the Echinodermata. 

In all the other Metazoa, except the For if era and Coelen- 
terata, the plan of the body is, obviously, bilaterally sym- 
metrical, the halves of the body on each side of a median 
vertical plane being similar. Any disturbance of this sym- 
metry, such as is found in some Arthropoda and in many 
Molhisca, arises from the predominant development of one 
half. But, in a Sea-urchin or Star-fish, five or more similar 
sets of parts are disposed aroimd a longitudinal axis, which 
has the mouth at one end and the anus at the other ; there 
is a radial symmetry, as in a sea anemone or a Ctenopho- 
ran. Nevertheless, close observation shows that, as is also 
the case in the Actinia or Ctenophoran, this radial sym- 
metry is never perfect, and that the body is really bila- 
terally symmetrical in relation to a median plane which 
traverses the centre of length of one of the radiating 
metameres. 

Another marked peculiarity of the Echinoderm type, 
is the general, if not universjil, presence of a system of 
“ aiiibulacral vessels ” consisting of a circulai* canal aroimd 
the mouth, whence canals usually arise and follow the 
middle line of each of the ambulacra! metameres. And in 
the typical Echinoderm, these canals give oil* prolongations 
which enter certain diverticula of the body wall, the pediceU 
or suckers. 

All Echinoderms have a calcareous endoskeleton. 

In the chapter allottel to these animals, it will be shown 
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that they are modifications of the Turbellarian type, brought 
about by a singular series of changes undergone by the 
endoderm and mesoderm of the larva or Echinopoedium. 


III. — THE PHYSIOLOGICAL DIFFERENTIATION OF ANIMALS, 
AND THE MORPHOLOGICAL DIFFERENTIATION OP THEIR 
ORGANS. 

Regarded as machines for doing certain kinds of woi*k, 
animals differ from one another in the extent to which this 
work is subdivided. Each subordinate group of actions or 
functions m allotted to a particular portion of the body, which 
thus becomes the organ of those functions ; and the extent 
to which this division of physiological labour is carried differs 
* in degree within the limits of each common plan, and is 
the chief cause of the diversity in the w^orking out of the 
common plan of a group exhibited by its members. 
Moreover, there are certain types which never attain the 
same degree of physiological differentiation as others do. 

Thus, some of the Protozoa attain a grade of physiologi- 
cal complexity as high as that w^hich is reached by the lower 
Metazoa, And notwithstanding the multiplicity of its 
parts, no Echinoderm is so highly diff'erentiated a physio- 
logical machine as is a snail, 

A mill with ten pairs of millstones need not be a more 
complicated machine than a mill with one pair; but if 
a mill have two pairs of millstones, one for coarse and one 
for fine gnnding, so arranged that the substance ground 
passes from one to the other, then it is a more complicated 
machine — a machine of higher order — than that with ten 
pairs of similar grindstones. In other words, it is not mere 
multiplication of organs which constitutes physiological 
differentiation; but the multiplication of organs for dif- 
ferent functions in the first place, and the degree in which 
they are co-ordinated, so as to work to a common end, in 
the second place. Thus, a ^ lobster is a higher animal, 
Irom a physiological poiiit tbf | view, than a Cychpsy not 
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because it has more distinguishable organs, but because 
these organs are so modified as to perform a much greater 
variety of functions, while they are all co-ordinated towards 
the maintenance of the animal, by its well-developr|^ 
nervous system and sense organs. But it is impossible to 
say that e.g. the Arthropoda, as a whole, are physiologically 
higher than the Mollusca, inasmuch as the simplest embodi- 
ments of the common plan of the Arthropoda are less 
differentiated physiologically than the great majority of 
Mollusks. 

I may now rapidly indicate the mode in which physio- 
logical differentiation is effected in the different groups of 
organs of the body among the Metazoa. 

Integumentary Organs . — In the lowest Metazoa, the inte- 
gument and the ectoderm are identical, but so soon as a • 
mesoderm is developed, the layer of the mesoderm which 
is in contact with the ectoderm becomes virtually part, of 
the integument, and in all the higher animals is distin- 
gaisbed as the dermis {enderon), while the ectodermal cells 
constitute the epidermis {ecderon). The connective tissue 
jind muscles of the integument are exclusively developed in 
the enderon ; while, from the epidermis, all cuticular and 
cellular exoskeletal parts, and all the integumentary glands 
are developed. The latter are always involutions of the 
♦epidermis. The hard protective skeletons in all invertebrate 
Metazoa, except the Porifera, the Actinozoa, the Echinodsr- 
mata, and the Tunicata, are cuticulai* structures, which 
may be vanously impregnated with calcareous salts formed 
on the outer surface of the epidermic cells. 

•In the Forifera, the calcareous or silicious dei)08it takes 
place within the ectoderm itself, and, probably, the same 
process occurs, to a greater or less extent, in the Actinozoa, 
In those Tunicata which possess a test, it appears to bt* a 
structure sui generis, consisting of a gelatinous basis excrtded 
by the ectoderm, in which ceUs detached from the ectoderm 
divide, multiply, and give, rise to a deposit of celluios^i. 
The test may t4ike on of cartilage or even of 
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(Connective tissue. In the Vertehrata alone do we find hard 
exoskeletal parts formed by the comification and cohesion 
of epidermic cells. 

^ In the Actinozoa and the Echinodermata, the hard skeleton 
k, in the main, though perhaps not wholly, the result of 
calcification of elements of the mesoderm. In some Mol- 
lusks, portions of the mesoderm ai'e converted into true 
cartilage, while the enderon of the integument often 
becomes the seat of calcareous deposit. The endoskeleton 
and the dermal exoskeleton of the Vei'tebrata are cellular 
(cartilage, notochord) or fibrous (connective tissue) modifi- 
cation of the mesoderm, which may become calcified (bone, 
dentine). Recent investigations tend to show that the 
enamel of the teeth is derived from the tHitoderm. 

V The Almientary Apparatus. — From the simple sac of the 
Hydra or aproctous Turbellarian, we pass to the tubular 
alimentary tract of the j^roctuchous Turhcllaria. In the 
liotifera and Polyzoa, there is a marked distinction into 
buccal cavity, pharynx, oesophagus, stomach and intestines ; 
while distinct salivary, hepatic, and renal glands, are found 
in the majority of the higher invertebrates, and, not un- 
frequent ly, glands secreting an odorous or coloured fluid, 
appear in the region of the termination of the alimentary 
canal. 

The oral and gastric regions are armed with cuticular 
teeth in many Lwertehrata ; but teeth formed by the calcifi- 
cation of papillary elevations of the enderon of the lining of 
the mouth, are confined to the Vertehrata ; unless, as seems 
probable, the teeth of the Echinidea have a simihir origin. 

The lining membrane of the oral cavity is capable *of 
being everted, as a proboscis, in many Invertehrata. The 
margins of the mouth may be raised into folds, armed with 
cuticular plates. In the Veidebrata, the jaws are such 
folds, supported by endoskeletal cartilages, belonging to 
the system of the visceral arches, or by bones developed 
in and around them; but, in the Arthropoda, what arc 
usually termed jaws are modified limbs. 
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Tlie Blood and Circulatory Apparatus. — In the Coelerderatay 
the somatic cavity, or enterocoele, is in free communication 
with the digestive cavity, and not unf requently communicates 
with the exterior by other apertures. The fluid which «t 
contains represents blood ; it is moved by the contractions 
ef the body, and, generally, by cilia developed on the endo- 
dermal lining of the enteroccele. In the Turbellaria, Trema- 
toda and Cestoideay the lacunae of the mesoderm and the 
interstitial fluid of its tissues are the only ’•epresentatives of 
a blood- vascular system. It is probable that these communi- 
cate directly with the tenninal ramifications of the water- vas- 
cular system. In the Rotifer a^ a spacious perivisceral cavity 
separates the mesoderm into two layers, the splanchnoplevrey 
which forms the enderon of the alimentary canal, and the 
somatoplenre, which constitutes the enderon of the integu- 
ment. The terminations of the water vessels open into this 
cavity. In Annelids, there is a similar perivisceral cavity 
communicating in the same way with the segmental organs ; 
but, in most, there is, in addition, a system of canals with 
contractile walls, which, in some, communicate freely with 
the perivisceral cavity; but, in the majority, are shut offfrom 
it. These canals are filled by a clear, usually non-corpuscu- 
hited fluid, which may be red or gi'een, and constitute the 
pseiid-hcenial system. The fluid which occupies the peri- 
visceral cavity contains nucleated corpuscles, and has the 
characters of ordinary blood. It seems probable that the fluid 
of the pseud-hmmal vessels, as it contains a substance resem- 
bling hmmoglobin, represents a sort of respiratory blood. 

In the Arthropoda, no 8<?gmental organs or pseud-haunal 
vessels ai’e known. In the lowest forms, the j>erivisceral 
caiiity and the interstices of the tissues represent the whole 
blood system, and o<)lourles8 blood cells float in their fluid 
contents. In the higher forms, a valvular heart, with 
arteries and capillaries, appears, but the venous system re- 
mains more or less lacunar. In the MoUnscay the same 
gradual difierentiation of the blood-vascular system is ob- 
servable. In very many, if not all, the blood cavities 
communicate directly with the exterior by the ‘ organs of 
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Boj anus’ — ^whicli resemble very simple segmental organs, 
and appear to be always associated with the renal apparatus. 

In the Vertebrata, Amphioxus has a system of blood vessels 
wth contractile walls, and no distinct heart. In all the other 
Vertebrates there is a heart with at fewest three chambers 
isirnts venoms, atrium, ventricle), arteries, capillaries, and veins, 
and a system of lymphatic vessels connected with the veins. 
The lymphatic fluid consists of a colourless plasma, with 
equally colourless nucleated corpuscles ; the blood plasma 
contains, in addition, red corpuscles, which are nucleated in 
Ichthyopsida and Sauropsida, but have no nucleus in the 
Mam)nalia. The lymphatic vessels always communicate 
with the interstitial lacuna? of the tissues, and, in the lower 
Vertebrates are themselves, to a great extent, irregular 
sinuses. The venous system presents many large sinuses in 
* the lower vertebrates; while, in the higher forms, these 
sinuses are for the most part replaced by definite vessels with 
musculai' walls. But the “ serous cavities remain as vast 
lymphatic lacunae. Valves make their appearance in the 
lymphatics and in the veins, and the heart becomes sub- 
divided in such a manner as to bring about a more and 
more complete separation of the systemic circulatory appa- 
ratus from that which supplies the respiratory organs. 

The Res2nratory System . — In the lower Metazoa respira- 
tion is effected by the general surface of the body. In the 
Annelids, processes of the integument, which are sometimes 
branched and usually are abundantly ciliated and supplied 
with pseud-haemal vessels, give rise to hranchim. Bmnchhe, 
abundantly supplied with blood-vessels, but never ciliated, 
attain a great development in the Cnistacea. The ac^fiess 
of fresh water to them is secured by tlieir attachment to 
some of the limbs ; and, in the higher Crustaceans, one of 
the appendages, the second maxilla, serves as an accessory 
organ of respiration. Although especially adapted for 
aquatic respiration, they are converted into air-breathing 
organs in the land crabs, being protecte<l and kept moist in 
a large chamber formed by the carapace. 
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In some mollusks {e,g, Pteropoda), the delicate lining 
membrane of the pallial cavity serves as the respiratory 
organ ; but, in most, branched or laminated processes of the 
body give rise to distinct branchise. The mantle becomts 
an accessory organ of respiration, being so modified as to 
direct, or to cause, the flow of currents of water over the 
branchiiB contained in its cavity. In many adult urodele 
Amphibia (Perennihranchiata), and in the embryonic con- 
dition of all Amphibia and of many fishes, branchiae of a 
similar character, abundantly supplied with blood vessels, 
are attached to more or fewer of the visceral arches. 

In all these cases the branchiae are external, and are 
developed from the integument. In Cinistaceans and Mol- 
lusks the blood with which they are supplied is return- 
ing to the heart ; while, in the Vertebrata mentioned, it is 
flowing from the heart; and it will be observed that the * 
gradual pertectioning of the respiratory machinery consists, 
first, in the outgrowth of parts of the integument specially 
adapted to subserve the interchange between the gases 
contained in the blood and those in the suiTounding 
medium; secondly, in the increase of the surface of the 
branchiae, so as to enable them to do their work more 
rapidly ; thirdly, in the development of accessory organs, by 
which the flow of water over the branchiae is rendered 
definite and constant, and may be increased or diminished 
in acK^ordance with the needs of the oeconomy. 

It is probable that the water-vascular system and the 
segmental organs of Turbellarians and Annelids ; the cloacal 
tubes of the Gephyrm and of some Holothurid'ea ; the ambu- 
lacral vesicles of the Echinoderms, and the lai'ge pharyngeal 
cafity of the Polyzoa ; to a greater or less extent, subserve 
respiration, and constitute internal respiratory organs. 

In Myriapoda and Itisecia, the trachem — tubes which t>pen 
on the surfaeeof the body iind contain air, and are curiously 
similar in tlieir distribution to the wati^r vessels of the 
worms — constitute a very complete internal aeriiil respira- 
tory apparatiis. 

In Arachniday trachea? may exist alone, or be accompanied 
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by folded pulmonary sacsy or the latter may exist alone, as 
in the Scorpion. In this case, these lungs are supplied by 
blood which is returning from the heart. 

©In these animals, the flow of air into and out of the air 
cavities is governed by the contractions of muscles of the 
body, disposed so as to alter its vertical and longitudinal 
dimensions. In the higher forms, the entrance and exit of 
air is regulated by valves, placed at the external openings 
{stigmata) of the trachesB, and provided with muscles, by 
which they can be shut. 

In the Enteropneusta and the Tunicata a new form of 
internal aquatic respiratory apparatus appears. The large 
pharynx is perforated by lateral apertures, which place its 
cavity in communication with the exterior ; and water, taken 
in by the mouth, is driven through these branchial clefts and 
aerates the blood, which circulates in their interspax^es. 

The respiratory apparatus of Amphioxusy of all adult 
fishes, and of the tadpoles of the higher anurous Amphibia, 
in a certain stage of their existence, is of an essentially 
similar character. The accessory respiratory apparatus for 
the maintenance and the regulation of the currents of 
water over the gills is furnished by the visceral arches and 
their muscles; and the respiratory blood flows from the 
heart. 

In MoUusks which live on land (Puhnogasteropoda), 
the lining wall of the mantle cavity Ix^comes folded and 
highly vascular, and subserves the aeration of the venous 
blood, which flows through it on its way to the heart. 
The lung is here a modification of the integument, and 
might be termed an external lung. The lungs of the air- 
breathing Vei'tebraia, on the contrary, are diverticiila^fof 
!.he alimentary canal, posterior to the hindermost of the 
visceral arches. They receive their ])lood from the hinder- 
nost aoriic arch. It therefore flows from the heart. The 
.gradual improvement of these lungs as respiratory machines 
*s effected, first, by the increase of the surface over which 
be venous blood brought to the lungs is distributtni ; 
fondly, by changes in the walls of the cavity in which 
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the lungs are contained, by which that cavity gradually 
becomes shut off from the peritoneal chamber, and divided 
from it by a muscular partition. ConcuiTently with these 
modifications, a series of alterations takes place in th** 
accessory apparatus of respiration, whereby the machinery 
of inspiration, which, in the lower Vertebrata, is a buccal 
force-pump, which drives air into the lungs, in the same 
way as water is driven through the branchiae, is replaced 
])f a thoracic suction-pump, which draws air into the lungs 
by dilatation of the walls of the closed cavity in which they 
are contained. Along with these changes, modifications of 
the heart take place, in virtue of which one half of its total 
mechanical power becomes more and more exclusively 
appropriated to the task of driving the blood through the 
Kings. The term ‘ double circulation ’ applied to the course 
of the blood in the highest Vei'tebrata is, however, a mis- 
nomer. In the highest, as in the lowest, of these animals, 
the blood completes but one circle, and the respii'atory 
organ is in the course of the outward current. 

Many animals are truly amphibious, combining aquatic 
and aerial respirabny organs. 

Thus, among MoDusks, Ampnllaria and Onchidum combim* 
bnuichim with pulmonary organs ; many Teleostean fishes 
have the lining membrane of the enlarged branchial chaml)er 
vascular and comix*!^! to subseiwe aerial respiration. 
And in the Ganoids and Teleostei, the presence of an air 
bladder, which is both functionally and morphologically of 
the same nature as a lung, is very common. But. in the 
majority of the Teleostei, the air bladder is tume^l aside 
from its pulmonary function to subserve mechanical pur- 
po^s, in affecding the specific gravity of the l>ody. (>n th<‘ 
other hand, in the Ga}wUls and Dqmoi, the whole series of 
modifications by which the air bladder passes into the lung 
are patent. In such lowH^r AmphibUi as Proteus and Ment>- 
hravckm, branchial respiration is preilominant. and the lungs 
are subsidiary ; but in the higher, the lungs acquire greate r 
importance, while the branchiao diminish, and eventually 
disappear. 
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The Uropoietic System . — TJropoietic organs, distinct from 
the alimentary canal, are probably represented by the 
water- vascular system and segmental organs of the worms. 
The ‘organs of Bojanus’ of MoUusks are sacs or tubes 
opening, on the one side, on the exterior of the body, and, on 
the other, into some part of the blood-vascular system. So 
far, as Gregenbaur has shown, they resemble the segmental 
organs of Annelids. In the majority of the Mollusca, some 
part of the wall of the organ of Bojanus is in close 
relation with the venous system near the heart, and the 
nitrogenous waste of the body is here eliminated from the 
venous blood. In the Vertebratay the renal apparatus is 
constructed on the same principle. If for simplicity’s sake 
we reduce a mammalian kidney to an ureter with a single 
uriniferous tubule, it corresponds with an organ of Bojanus, 
so far as it contains a cavity communicating with the 
exterior at one end, and having a vascular plexus — the 
Malpighian body — in intimate contact with the opposite end. 
In the adult mammal there is no direct communication 
between the urinary duct and the blood -vascular system. 
But, inasmuch as recent researches have proved that the 
ureter is formed by subdivision of the Wolffian duct, and that 
the Wolffian duct is primitively a diverticulum of the perito- 
neal cavity, and remains for a longer or sh oiler time (per- 
manently, in some of the lower Vertebrata, as Myxine) in 
communication therewith; and since it has further been 
shown that the peritoneal cavity communicates directly 
with the lymphatics, and therefore indirectly with the veins ; 
it follows that the vertebrate kidney is an extreme modifica- 
tion of an organ, the primitive type of which is to be found 
in the organ of Bojanus of the Mollusk, and in the teg- 
mental organ of the Annelid ; and, to go still lower, in the 
water- vascular system of the TurbeUarian. And this, in its 
lowest form, is so similar to the more complex conditions of 
jhe contractile vacuole of a Protozoon, that it is hardly 
training analogy too far to regard the latter as the primary 
Torm of uropoietic as well as of internal respiratory ap- 
:)aratu8. 
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The Nervous System . — In its essential nature, a nerve 
is a definite tract of living substance, through which the 
molecular changes which occur in any one part of the 
organism are conveyed to and affect some other pari. 
Thus, if, in the simple protoplasmic body of a Protozoon, 
a stimulus applied to one part of the body, were more 
readily transmitted to some other part, along a particular 
tract of the protoplasm, that tract would be a virtual nerve, 
although it might have no optical or chemical characters 
which should enable us to distinguish it from the rest 
of the protoplasm. 

It is important to have this definition of nerve clearly 
before us in considering the question whether the lowest 
animals possess nerv^es or not. Assuredly nothing of the 
kind is discemible, by such means of investigation as we 
at present possess, in Protozoa or Porifera ; but any one who 
has attentively watched the ways of a Colpoda, or still 
more of a Vorticella, will probably hesitate to deny that 
they possess some apparatus, by which external agencies 
give rise to localised and co-ordinated movements. And 
when we reflect that the essential elements of the highest 
neivous system — the fibrils into which the axis fibres break 
up— are filaments of the extremest tenuity, devoid of any 
definite structural or other chanicters, and that the nervous 
system of animals only becomes conspicuous by the gather- 
ing together of these filaments into nerve fibres and nerves, 
it will be obvious that there are as strong morphological, 
as there are physiologicid, grounds for suspecting that a 
nervous system may exist very low down iu the animal 
scale, and possibly even in plants. 

'Ihe researches of Kleineiiberg, which may be readily 
verified, have shown that, in the common Hydra, the inner 
ends of the cells of the ectoderm iu*e prolonged into deli- 
cate processes, which are eventually continued into very 
fine longitudinal filaments, forming a layer between the 
ectoderm and the endoderm. 

Kleinenberg terms these neuro- muscular elements, and 
thinks that they represent both nerve and muscle in their 
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undifferentiated state. But it appears to me that while 
the assumed contractility of these fibres might account for 
the shortening of the body of the Polype, they can have 
niDthing to do with its lengthening. As the latter move- 
ments are at least as vigorous as the former, we are there- 
fore obliged to assume sufficient contractility in the general 
constituents of the body to account for them. And if so, 
what groimd is there for supposing that this contractility 
can be exerted by only one tissue when the body shortens ? 
To my mind, it is more probable that Kleinenberg’s 
fibres” are solely intemuncial in function, and therefore 
the primary form of nerve. The prolongations of the ecto- 
dermal cells have indeed a strangely close resemblance to 
those of the cells of the olfactory find other sense organs 
in the Vertebrata ; and it seems probable that they are 
* the channels by which impulses affecting any of the cells 
of the ectoderm are conveyed to other cells and excite their 
contraction. 

The researches of Eimer* upon the nervous system of 
the Ctenaphora are in perfect accordance with this view. 
The mesoderm is traversed in all directions by very fine 
fibrils, varying in diameter from uruiTw Tasoo ^ inch. 
These fibrils present numerous minute varicosities, and, at 
intervals, larger swellings which contain nuclei, ench 
with a large and strongly refracting nucleolus. These 
fibrils take a straight course, branch dichotomously, and 
end in still finer filaments, which also divide, but become 
no smaller. They terminate partly in ganglionic cells, partly 
in muscular fibres, partly in the cells of the ectoderm and 
endoderm. Many of the nerve fibiils take a longitudinal 
course beneath the centre of each series of pacldles, and tlll‘se 
are accompanied by ganglionic cells, which become particu- 
larly abundant towards the aboral end of each series. The 
eight bands meet in a central tract at the aboral pole of the 
body ; but Eimer doubts the nervous nature of the cellular 
mass which lies beneath the lithocyst and supports the eye- 
spots. 

* ^Zoologische Studien auf Capri.’ Leipzig, 1873. 
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The nervous system of the Otenophoran is, therefore, 
just such as would arise in Hydra, if the development of a 
thick mesodarm gave rise to the separation and elongation 
of Kleinenberg's fibres ; and if special bands of such fibrep, 
developed in relation with the chief organs of locomotion, 
united in a central tract directly connected with the higher 
sensory organs. We have here, in short, virtual, though 
incompletely differentiated, brain and nerves. 

All recent investigation tends more and more completely 
to establish the following conclusions: firstly, that the 
central ganglia of the nervous system in all animals are 
derived from the ectoderm ; secondly, that all the nerves of 
the sensory organs terminate in cells of the ectoderm; 
thirdly, that all motor nerves end in the substance of the 
muscular fibres to which they are distributed. So that, in 
the highest animals, the nervous system is essentially 
similar to that of the lowest ; the difference consisting, in 
part, in the proportional size of the nerve centres, and, in 
part, in the gathering together of the intemuncial filaments 
into bundles, having a definite arrangement, which are the 
nerves, in the ordinary anatomical sense of the term. 

And as respects the ectodermal cells which constitute the 
fundamental part of the organs of the special senses, it is 
becoming clear that the more perfect the sensory apparatus, 
the more completely do these sensigenous cells take on the 
form of delicate rods or filaments. Whether we consider 
the organs of the lateral line in Fishes and Amphibia ; the 
gustatory bulbs ; the olfactory cells ; the auditory cells ; or 
the elements of the retina, this rule holds good. 

Every one of the organs of the higher senses makes its 
apfffearance in the animal series as a part of the ectoderm, 
the cells of which have undergone a slight modification. In 
the case of the eye, accessory structures, consisting of 
variously -coloured masses of pigment, which stirround tlie 
visual cells, and of a transparent refracting cuticular or 
cellular structure which lies superficially to them — a rudi- 
mentary choroid and cornea — are next added. The highest 
form of compound Arthropod eye differs from this only in 
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the differentiation of the layer of sensigenous cells into the 
crystalline cones and their appendages, and it has not been 
clearly made out that the simple eyes of most other Jnver- 
^ib^'ota have undergone any further change. 

But in Naviilns the nerve cells and choroid line the walls 
of a deep cup open externally ; which, though its develop- 
ment has not been traced, may be safely assumed to result 
from the involution of the retinal ectoderm. It may be 
compared to an arthropod compound eye become concave 
instead of convex. 

In the higher Cephalopoda, the margins of the oculai' 
pouch unite and give rise to a true cornea, which, how- 
ever, frequently remains perforated ; and a crystalline lens 
is developed. In the higher Vertehrata the retina is still 
a modified portion of the ectoderm. For inasmuch as the 
anterior cerebral vesicle is formed by involution of the 
epiblast, and the optic vesicle is a diverticulum of the 
anterior cerebral vesicle — it necessarily follows that the 
outer wall of the optic vesicle is really part of the ecto- 
derm, its inner face being, morphologically, a portion of the 
surface of the body. The rods and cones of the verte- 
brate eye, therefore, exactly correspond with the crystalline 
cones, &o., of the Arthropod eye ; and the reversal of the 
ends which are turned towards the light in the Vertehrata, 
is a necessary result of the extraordinary change of position 
which the retinal surface undergoes in them. 

In the part of the ectoderm which takes on the auditory 
function, two kinds of accessory organs, solid particles 
suspended in a fluid and fine hair- like filaments, are deve- 
loped in close relation with the nerve endings. In the 
Crustacea both are combined, and an involution of •the 
sensoiy region takes place, which usually remains open 
throughout life, and represents the most rudimentary form 
of auditoiy labyrinth. The Crastacean ear is the parallel of 
the Nautilus eye. In the Vertehrata, the membranous laby- 
rinth is similarly an involution of the integument, which 
remams open throughout life in many Fishes, but becomes 
shut off and surrounded by thick mesoblastic structures in 
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all the higher Vertebrata, The tym^omvm and the oseicvla 
audiinU are additional accessorj structures, formed at the 
expense of the hjomandibular cleft and its boundary walls. 

The Beproductwe System . — The relation of the reproduc- 
tive elements to the primitive layers of the germ, is as yet 
uncertain. E. van Beneden has brought forward very 
strong evidence to the effect that in Hydractinia, the 
spermatozoa are modified cells of the ectoderm, and the 
ova of those of the endoderm; but whether it can be 
safely concluded that this rule holds good for animals 
generally, is a question that can only be settled by much 
and difficult investigation. The fact that, in the Vertehrata, 
the ova and spermatozoa are products of the epithelial 
lining of the peritoneal cavity, and therefore proceed from 
the mesoblast, appears at first sight directly to negative any 
such generalisation. But it must be remembered that the 
origin of the mesoblast itself is yet uncertain, and that it is 
quite possible that one portion of that layer may originate 
in the ectoderm and another in the endoderm. 

There is some reason to suspect that hermaphrodism 
was the primitive condition of the sexual apparatus, and 
that unisexuality is the result of the abortion of the organs 
of the other sex, in males and females respectively. 

Very low down in the animal series, among the TwrbeUaria, 
the accessory organs of generation acquire a great com- 
plexity. In the lower TurheUaria the excretory duct is a 
mere short wide passage. But, in the higher TurbeUaria and 
Trematoda, the female apparatus presents a germarium, in 
which the ova are developed ; viteUarian glands, which give 
ri8% to a supplemental or food yelk ; an oviduct ; a uterus 
and vagina; and a spermatheca, in which the semen is 
stored up. The male apparatus presents a testis, a vas 
deferens, and a penis. The function of the viteUarian 
gland may be taken on by cells of the ovary, or oviduct; 
or accessory yelk substance may be formed within the pri- 
mitive ovum itself, in iheAtihropoda and in most MoUusea ; 
but the reproductive organs in aU these animals are redu- 
cible to the Turbellarian type. 
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In the Annelids (Oligochceta and PolychcBta)^ the ovaria and 
testes often have no special ducts, and their products make 
their way out of the body by canals which appear to be 
niodified segmental organs. 

In the Cephalopoda, a.gain, the ovaria and testes part with 
their contents by dehiscence into chambers connected with 
the water cavities, which are prolongations of the organs of 
Bojanus. And they are conveyed away from these chambers 
by ducts, the oviducts or vasa deferentia, which commence 
by open mouths in them. 

In the Vertebrata, the reproductive organs either dehisce 
and pour their contents into the peritoneal cavity, whence 
they are conveyed outwards by abdominal pores (Marsipo- 
hranchii, many Teleostei), or they are continued Into ducts 
which open behind the anus separately from the renal 
opening in the females, but in common with it in the males 
(most Teleosteans) ; or their ducts are derived from portions 
of the primitive renal apparatus which, as we have seen, is 
a structure of the same order as the organs of Bojanus and 
the segmental organs. The testis is usually converted into 
a mass of tubuli, which eventually open directly into the 
ducts (epidid/ymia, vas deferens) derived from the renal 
organs. The ovary, on the other hand, becomes an aggre- 
gation of sacs — the Graafian follicles — and the oviducts open 
into the peritoneal cavity. 

Development . — The embryo either passes through all 
stages from the morula to a condition differing from the 
adult only in size, proportions, and sexual characters, or it 
leaves the egg in a condition more or less remote from the 
adult state, and sometimes exceedingly different froi^ it. 
In the latter case, the animal is said to undergo a metamor- 
phosis. Each of these modes of development occurs in mem- 
bers of the same group, and often in closely allied forms : as, 
for example, the former in the crayfish (Aatacm)^ and the 
latter in the lobster (Honumis). 

When metamorphosis occurs, the larva may live under 
conditions totally different from those under whioli the 
adult passes its existence, and its structure may be variously 
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modified in relation to these conditions. Thus the larva of 
an animal which is fixed in the adult state may be provided 
with largely developed locomotive organs ; while that of an 
adult which feeds by suction may be provided vdth pow^- 
f ul apparatus for the seizure and manducation of vegetable 
and animal prey. 

The larva of a free adult may be parasitic, or that of a 
parasitic adult free and actively locomotive. Moreover, the 
whole course of development may take place outside the 
body of the parent, or more or less extensively vnthin it ; 
whence the distinction of oviparauSf ovoviviparous, and 
mvipa/rous* animals. 

Finally, when development takes place within the body 
i)f the parent, the fostus may receive nourishment from the 
latter by means of an apparatus termed a placenta, by which 
an exchange between the parental and foetal blood is 
readily effected. Examples of placenta? are found not only 
in the higher mammals, but in some Plagiostome fishes 
and among the Tunicata. 

In many Insects and in the higher Vertebrates, the embryo 
acquires a special protective envelope, the amnion, which 
is thrown off at birth ; while, in many Vertebrates, another 
foetal appendage, the allantois, subserves the respiration 
and nutrition of the foetus. 

The strange phenomena included under the head of the 
Alternation of Generations, and which result from the 
division, by budding or otherwise, of the embryo which 
leaves the egg, into a succession of independent zooids, 
only the last of which acquires sexual organs, have already 
been generally discussedi 


• 

♦ As egj^ capable of develop- 
ment are alive, this terminology is 
etymologically bad ; and ororiW- 
purous is particularly objection- 
able, as all animals bring forth 
live eggs or tJiat which proceeds 
liom them. But at understood 
to apply to animals which lay 


eggs ; to those in which the eggs 
are batched within the interior 
of the body, without any special 
fuetal nutritive apwatus; and 
to those in which the young are 
provided with such an appi^tus, 
they have a certain convenience. 
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IV.— THE DISTBIBUTION OP ANIMALS. 

^ The distribution of animals has to be considered under 
two points of view ; first, in respect of the present condition 
of nature; and secondly, in respect of past conditions. 
The first is commonly termed Geogra/phical, the second 
Geological, or Paloeontological, IHatrihution. A little con- 
sideration, however, will show that this classification of the 
facts of distribution is essentially faulty, inasmuch as many 
of the phenomena included under the second head are of the 
same order as those comprehended under the first. Zoologi- 
cal Distribution comprehends all the facts which relate 
to the occurrence of animals upon the earth’s surface, 
throughout the time during which animal Hfe has existed 
on the globe. Therefore it embraces — 

First, Zoological Chronology, or the duration and order 
of succession of living forms in time ; and — 

Secondly, Zoological Geography, or the distribution of life 
on the earth’s surface at any given epoch. 

What is commonly termed Greographical Distribution, 
is simply that distribution which obtains at the present 
epoch; but it is obvious, that at any given moment in 
their past history, animals must have had some sort of 
geographical distribution; and considerable acquaintance 
with the nature of that distribution has now been obtained 
for all the epochs, the nature of the living population of 
which has been revealed by fossil remains. I do not propose 
to deal at length with either branch of distribution in this 
place, but a few broad truths which have been established 
may be mentioned. 

Geographical D^ieirihvliori at the present epoch . — The Fauna 
of the deep sea (below 500 fathoms) has been shown by 
the investigations of Wyville Thomson and his associates 
oi the * Challenger,’ to present a striking general uniformity 
in all parts of the world hitherto explored, in correspondence 
with the general uniformity of conditions at such depths. 
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With respect to the surface of the sea, the observations 
of the same naturalists tend to establish a like uniformity 
of the great types of Foraminiferal life throughout the 
tropical and temperate zones — with a diminution in th^ 
abundance of that life towards the arctic and antarctic 
regions, where it appears to be replaced by Badiolaria and 
Diatomaceous plants. 

With regard to higher organisms, the oceanic Hydrozoa 
and the Ctenophora are undoubtedly very widely spread. 
It is probable that they attain their maximum develop- 
ment in warm seas, though the known facts are insufficient 
for the definite conclusion, Sagitta and Appendicnlaria, 
with many genera of Copepoda, Crustacea^ and Fteropoda, 
are of world- wide distribution ; and it is at present doubtful 
whether any weU -marked provinces of the ocean can be 
defined by the occurrence of purely pelagic animals. On 
the other hand, shallow-water marine animals fall into 
assemblages characteristic of definite areas or provinces of 
distribution — that is to say, though many species have 
a world- wide distribution, others occur only in particular 
localities, and certain geographical areas are marked by the 
existence in them of a number of such peculiar species. 
The basins of the Pacific, the Indian Ocean, the Atlantic, 
the Mediterranean, and the Arctic seas, are thus especially 
characterised; and even limited areas of these great 
geographical divisions, such as the Celtic, the Lusitanian, 
and the Australian, have their peculiar features. 

But though the shallow- water marine Faunse thus follow 
the broad features of physical geography, and though, mth- 
in each great province of distribution thus marked out, tem- 
perature and other physical conditions have an obvious 
influence in determining the range of species; yet, on 
comparing any two great areas together, differences in cli- 
matal conditions are at once seen to be inadequate to 
accoimt for the differences between the Faunse of the two 
areas. Climate in no way enables us to understand why 
the Trigonia, the pearly Naviilus, the Cestraeion, the 
cared seals, and the penguins are found in the Pacific. 
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and not in the Atlantic area ; * nor why the Cetacea of 
the arctic and antarctic regions should be as different 
as they are. When we turn to the distribution of land 
animals, the boundaries of the provinces of distribu- 
tion correspond neither with physical features nor with 
climatic conditions. Mammals, birds, reptiles, and am- 
phibians are so distributed at the present day as to mark 
out font* great al'eas or provinces of distribution of very 
unequal extent, in each of which a number of characteristic 
types, not found elsewhere, occur. These are, 1. The 
ArctogoBal, including North America, Europe, Africa, and 
Asia as far as Wallace’s line, or the boundary between the 
Indian and the Papuan divisions of the Indian Archipelago. 
2. The AnMrocolumhian, comprising all the American con- 
tinent south of Mexico. 3. The Australian^ from Wallace’s 
line to Tasmania. 4. The Novozelaniany including the 
islands of New Zealand.f 

There is now no doubt that provinces of distribution, 
closely corresponding with these, existed at the time of the 
Quaternary and later Tertiary rocks. In Europe, North 
America, and Asia, the Arctogseal province was as distinctly 
characterised in the Miocene, and probably in the Eocene 
epoch, as it is at present. What may have been the case in 
Austrocolumbia, Australasia, and Novozelania we have no 
means of being certain, in the absence of sufficient knowledge 
dI the Miocene and Eocene deposits of those regions. 

Our present knowledge of the geographical distribution 
which obtained in the older periods, does not enable us to 
peak with any confidence as to the limits of the provinces 
yf distribution in the past. But this much is certain, that 
BS far back as the epoch of the Trias — at the dawn of «thc 


* Penguins are found at the 
!^pe of Good Hope and at the 
slkland Islands, but not in the 
orthem parts of the West Coast 
rf Africa, nor of the East Coast 
f South America. In the Pacific 
hey stretch north to the Papuan 
AO Peruvian coasts, 
t On the classification and dis< 


tribution of the Alectoromorphw 
and Utter amorphct : Proceedings 
of the Zoological Society, 1868. 
Sc later on the * Geographical 
Distribution of Birds.' Ibid, 
vol. ii. Puchcran, * Revue ct 
Magasin de Zoologie,' 18 ''5. 
Murray, * The Geographical Dis- 
tribution of Mammals.* 
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Secondary period — ^the Beptilia and Amphibia of Europe, 
India, and South Africa, and probably North America, 
presented the same kind of resemblance as the mammals 
and birds of the corresponding Arctogasal Fauna do no^f. 
But then there is no information respecting the Reptiles 
and Amphibians of the corresponding epoch in Austro- 
columbia and Australia, so that it is impossible to say 
whether, in Triassic times, the Arctogceal province was 
limited as it is now. 

Outside the limits of the Arctogffial province, the 
materials for forming a judgment of the distribution of 
animals are altogether insufficient to enable us to draw any 
conclusion as to the existence, and still less as to the boun- 
daries, of definite provinces of distribution in Palaeozoic 
times. No remains of land animals have yet been dis- 
covered. The fresh-water fauna consists of Amphibians 
and Fishes, and we know nothing, or next to nothing of 
these in any part of the world except the Arctogaeal pro- 
vince. 

A good deal is known of the older Silurian fauna outside 
the boundaries of the present Arctogaeal province, and 
within those of both the Austrocolumbian and Australasian 
provinces. With a generally similar facies the fatinae of 
these regions present clear differences. And, considering 
that the groups of animals which are represented are chiefly 
deep sea and pelagic forms, it is not wonderful that this 
similarity of facies should exist. The investigations of 
the ‘ Challenger * expedition show that such forms present 
a like similarity of facies, at the present day. 

One of the most important facts which have been esta- 
blished under the head of Zoological Chronology, is, that 
in all parts of the world, the fauna of the later part of 
the Tertiary period, in any province of distribution, wus 
made up of forms either identical with, or very similar to 
those now living in that area. 

For example, the elephants, tigers, bears, bisons, and 
hippopotamuses of the later tertiary deposits of England 
are all closely allied to members of the existing ArctogSBal 
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fauna ; the great armadillos, anteaters, and platjirhine apes 
of the caves of South America are as closely related to the 
existing Austrocolumbian fauna ; and the fossil kangaroos, 
^ombats and phalangers of the Australian tertiaries to 
those which now live in the Australasian province. 

No remains of elephants occur in Australia, nor kan- 
garoos in Austrocolumbia ; nor anteaters and armadillos 
in Europe in tertiary deposits. 

But as we go back in time from the Tertiary to the 
Secondary, this law no longer holds good. Most of the 
few terrestrial mammals of secondary age which have been 
discovered belong to Australasian and not to Arctogseal 
types, and the marine fauna resembles that of the existing 
Pacific more than it does that of the Atlantic area, but 
differs from both in the presence of numerous wholly extinct 
groups. It looks as if, in the latter part of the Cretaceous 
epoch, a great change in the limits of the then existing 
distributional area had taken place, and the types now 
characteristic of the Arctog®al province had invaded re- 
gions from which they had before been shut out. And the 
assumption of a process of a similar character appears to 
me to be the only rational explanation of the rapid advent 
of types absent in the palaeozoic deposits known to us, in the 
earlier Secondary rocks. 

Yet other results of first-rate importance have come out 
of the study of the chronological relations of fossil remains. 
Cuvier’s investigations proved that the hiatuses between 
existing groups of ungulate mammals tend to be filled up 
by extinct forms. Later investigations have not only con- 
firmed this conclusion, but have shown that, in several cases, 
an existing much modified form can be shown to have l^pen 
preceded in time, in the same distributional area, by exactly 
such forms as it is necessary should have existed, if the 
much modified existing animal had proceeded by way of 
evolution from a simpler form. 

For certain groups of animals, then, there is as much 
and as good evidence of their having been evolved by suc- 
cessive modification of a primitive form as the nature of 
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the case permits us to expect. But the groups in which 
there is evidence of such modifications during geologically 
recorded time, all belong to the most differentiated members 
of their classes. Lower forms, co-extensive in duration, ex- 
hibit no sign of having undergone any notable modification. 
While the former are mutable, the latter are persistent types 
in relation to geological time. 

Leaving the debateable question of the nature of Eozoon 
aside, the oldest fossiliferous rocks are the Cambrian. The 
scanty fauna therein preserved consists of forms which are 
neither Protozoa nor Porifera, nor even appertain to the 
lowest groups of their respective classes. There is no reason 
to believe that it gives a just notion of the contemporaneous 
fauna, nor is there any valid reason for the supposition 
that it represents the forms of animal life which were the 
first to make their appearance on our planet. 
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CHAPTER II. 

THE PROTOZOA. 

In its feeblest manifestations, the contractility of animals 
results in mere changes of the form of the body, as in the 
adult GregarincB ; but, from the sluggish shortenings and 
lengthenings of the different diameters of the body which 
these creatures exhibit, all gradations are traceable, through 
« those animals which push out and retract broad lobular 
processes, to those in which the contractile prolongations 
take the form of long and slender filaments. Whether 
thick or filamentous, such contractile processes are called 
“ pseudopodia,” when their movements are slow, irregular, 
and indefinite ; cilia ” or ‘‘ flagella,” when they are rapid 
and occur rhythmically in a definite direction ; but the two 
kinds of organs are essentially of the same nature. It will 
be convenient to distinguish those Protozoa which possess 
pseudopodia, as myxojjodsy and those which are provided 
with cilia or flagella, as mastigopodsi 
The Protozoa are divisible into a lower and a higher 
group. In the former — the Moneea — no definite structure 
is discernible in the protoplasm of the body ; in the latter 
— ^the Endoplastica — a certain portion of this substance 
(the so-called nucleus) is distinguishable from the re^ ; * 
and, very commonly, one or more “ contractile vacuoles ” 
are present. The name of contractile vacuoles is given to 
spaces in the protoplasm, which slowly become filled with a 
clear watery fluid, and, when they have attained a certain 

♦ I adopt this distinction as a \^hether it will stand the test of 
natter of temporary convenience, further irivestigatiou. 
though 1 entertain great doubt 
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size, are suddenly obliterated by the coming together, on 
all sides, of the protoplasm in which they lie. This systolic 
and diastolic movement usually occurs at a fixed point in the 
protoplasm, at regular intervals, or rhythmically. But th» 
vacuole has no proper wall, nor, in most cases, is any trace 
of it discernible at the end of the systole. Occasionally, 
the vacuole certainly communicates with the exterior, and 
there is some reason to think that such a communication 
may always exist. The function of these organs is entirely 
unknown, though it is an obvious conjecture that it may 
be respiratory or excretory. 

The “ nucleus ” is a structure which is often wonderfully 
similar to the nucleus of a histological cell, but, as its 
identity with this is not fully made out, it may better be 
termed “endoplast.” It is, usually, a rounded or oval 
body embedded in the protoplasm, and but slightly dif- 
ferent therefrom in either its optical or chemical characters. 
Generally it becomes more deeply stained by such colouring 
matters as brnmatoxylin or carmine, and resists the aetion 
of acetic acid better than the surrounding protoplasm. 

In a few Protozoa there are many endoplasts in the sub- 
stance of the body, and the protoplasm shows some tendency 
to become partially difterentiated into cells. But where, 
as in the higher Infusoria, the body presents a definite 
organisation, with permanently differentiated constituents, 
which may be properly termed tissues, these tissues do not 
result from the metamorphosis of cells, but originate from 
the protpplaam directly by changes of its physical and 
chemical characters. 

Conjugation, followed by the development of germs, 
whfch are set free and assume the form of the parent, has 
been observed in several groups of the Protozoa, but it is 
not yet quite certain how far sexual distinctions are esta- 
blished among these animals. 
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I. — THE MONBBA. 

• In these lowest forms of animals the entire living body 
consists of a particle of gelatinous protoplasm, in which no 
nucleus, contractile vacuole, or other definite structure is 
visible ; and which, at most, presents a separation into an 
outer, more clear, and denser layer — the ectosarc; and an 
inner, more granular and fluid matter — the endosarc. 
The outer layer is the seat of active changes of form, 
whereby it is produced into pseudopodia, which attain a 
certain length and are then retracted, or are effaced by the 
development of others from adjacent parts of the body. 
These pseudopodia are sometimes broad short lobes, at 
others, elongated filaments. When lobate, the pseudopodia 
remain distinct from one another, their margins are clear 
and transparent, and the granules which they may contain 
plainly flow into their interior from the more fluid central 
part of the body. But, when they are filiform, they are very 
apt to run into one another, and give rise to networks, the 
constituent filaments of which, however, readily separate 
and regain their previous form ; and, whether they do this 
or not, the stirfaces of these pseudopodia are often beset by 
minute granules, which are in incessant motion — like those 
which are observable on the reticulations of the protoplasm 
of the cells in a Tradescawtia hair. 

The myxopod thus described moves about by means of 
its contractile pseudopodia, and takes the solid matters 
which serve as its food into all parts of its body by their 
aid ; while the undigested eiuvia of the food are rejected 
from all parts of the body in the same indiscriminate 'J^ay. 
It is an organism which is devoid of any visible organs 
except pseudopodia; and, so far as is known at present, it 
multiplies by simple division. 

The Protamceba (with lobate pseudopodia) and Protogenes 
(with filamentous pseudopodia) of Haeckel are Monera of 
this extremely simple character. In Myxoddctytm (Haeckel) 
the pseudopodia of a number of such Monera run together. 
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and give rise to a complex network, or common plaa^ 
unod/iv/ftt. 

It is open to doubt, however, whether either Protamoaha, 
Protogenes, or Myxoddctyum is anything but one stage of tf 
cycle of forms, which are more completely, though perhaps 
not yet wholly, represented by some other very interesting 
Monera, also described by Haeckel. 

Thus, the genus Vampyrella is a myxopod with filamen- 
tous pseudopodia, a species of which infests one of the 
stalked Diatomacese, Gomphonema, feeding upon the soft 
parts of the frustules of its host, by inserting some of its 
pseudopodia through the raphe of the frustule, which it 
envelopes, and absorbing the contained protoplasm. Having 
thus provided itself with abundant nourishment, by creep- 
ing from frustule to frustule of thefiorrvpJwneriui, it thrusts 
aside the last evacuated frustule from its peduncle, and, 
taking its place, draws in its pseudopodia, becomes sphe- 
rical, and surrounds itself with a structureless cyst, enclosed 
in which it remains, perched upon the peduncle of the 
Gomphonema. Soon, its protoplasm undergoes division into 
four equal masses, and each of these becoming converted 
into a young Vampyrella, escapes from the cyst, and re- 
commences the predatory life of its parent. In this case, 
the myxopod becomes encysted, and then undergoes fission 
into bodies, each of which passes directly into the form of 
the parent. 

In another genus {MysMdrum) aai additional complication 
is introduced ; the myxopod becomes encysted, and then 
divides into many portions ; each of these elongates, and 
surrounds itself with a delicate, fusiform, silicious case. 
Thilfe enclosed, the germs are set free by the bursting of the 
cyst ; and, after a while, the contents of the silicious oases 
emerge, and pass at once into the myxopod state. 

In other genera, not only does the myxopod become 
encysted, before it undergoes fissive multiplication, but the 
forms thus produced differ from the myxopod in being 
free-swimming organisms, propelled by a long vibratile 
filament or ffagellum, like those flagellate Infusoria which 
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of which it propels itself {d). After a time each monad retracts its 
cilium and resumes an Amoeba-Uke form ; (e) many of these coalesce 
and form a single plasmodium, which grows and feeds under the 
form f. The specimen figured contains a P^ridinium (above), three 
JJicti/oeystai (below), and two JsthmicB (Diatomaceous plants) in th| 
centre. (Haeckel, ‘ Studien fiber Moneren,* 1870.) 

are termed “ monads.” After swimming about for a while, 
these mastigopods draw in their flagella, and become creep- 
ing myxopods. This cycle of forms is exhibited by the 
genus Protomonm of Haeckel. Lastly, in Protomyxa (ITg. 1) 
(Haeckel), there is an alternation of a mastigopod (d) with a 
myxopod form (e), as in Protomonm. But each myxopod 
does not usually become encysted alone. On the contrary, 
a certain number of the myxopods unite together, and 
become fused into an active plasmodium (/), which exhibits 
no trace of their primitive separation. The plasmodium 
becoming quiescent and spheroidal, suiTOunds itself with a 
structureless cyst (a), divides into numerous portions (?>), 
which are converted into flagellate mastigopods, and these 
Anally return to the myxopod condition (c, d, e). The cycle 
of life is here singularly similar to that presented by the 
Myxomycetesy which have hitherto been usually regarded as 
plants. 

There is no means of knowing whether the cycle of forms 
presented by Protomorias and Protoniyxa is complete, or 
whether some term of the series is still wanting ; and con- 
sidering how low down among plants the sexual process 
occurs, it seems quite possible that some corresponding 
sexual process yet waits to be discovered among the Mtynera, 
It is possible that the fusion of separate Myxodictya and 
Protomyxce into a plasmodium may he a process of sexual 
conjugation. On the other hand, it may well be that these 
extremely simple organisms have not yet reached the stage 
of sexual dififerentiation. 

The Foeaminifeka. — Doubtless many Monera remain to 
be discovered, but they will probably be minute and inconspi- 
cuous organisms like the majority of those already descrilKni. 
The Foraminiferay on the other hand, are Monera of the 
Protogenes type, which, nevertheless, play and have played 
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an important part in the history of the globe, by reason of 
their power of fabricating skeletons or shells, which may 
be composed of homy (chitinous?) matter, or of carbonate 
lime, secreted from the water in which they live, or may 
be fabricated by sticking together extraneous matters, such 
! as particles of sand. 

The first step from such an organism as Protogenea to the 
Foraminifera is seen in the LieberkUhnia of Claparede, where 
the pseudopodia are given off from only a small part of the 
surface of the body, the rest remaining naked and flexible. 
In Gromia there is a similar restriction of the area from 


Fig. 2. 



Fig. 2,--A Botalia, with extended pseudopodia; with an enlarged 
sectional view of the chambered skeleton (after Schulze). 

which pseudopodia proceed, but the rest of the body is in- 
vested by a case of a membranous substance. Let this 
case become hardened by the attachment of foreign bodies 
— as particles of sand, or fragments of shelly matter, tfe in 
the so-called arenaceous Foraminifera^ — or let a deposit 
of calcareous salts take place in it, and the Gromia would 
be converted into a Foraminifer. 

The infinitely diversified characters of the skeleton of the 
Foraminifera depend —firstly, upon the structure of the 
skeletal substance itself ; and, secondly, upon the form of 
the protoplasmic body, which last, again, is largely depen- 
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lent upon tlie manner in wliicli successive buds of proto- 
plasm are developed from the parent mass, which, to begin 
with, is always simple in form and commonly globular. 

The substance of the calcareous skeleton itself, whatever 
be its form, is either perforated or imperforate. In the Im- 
perforata {OromidoB, LituUidae, MUiolidcB) the pseudopodia 
ai’e protruded from only one end of the body, the rest of 
which is cut off from the exterior by the skeleton. In 
the Perforata, the substance of the shell is traversed by 
more or less delicate canals, filled with the protoplasm. 


Fig. 3. 





Fig. 3.— Diagrams of Forafninifera,—A, monothalamian ; B, C, pol^- 
thalamian ; D, horizontal ; K and F, vertical sections of helicoid 
form. In E, the chambers of each turn of the spiral overlap their 
predecessors and conceal them, as in the genus NummtUUe$, 

which thus reaches the surface and gives off pseudopodia 
all oter the body. Hence, while the hard parts of the 
Imperforata form a sort of exo-skeleton, those of the 
Perforata have rather the nature of an endo-skeleton. 

The simplest skeletons are spherical or flask-shaped, and 
single-chambered. But complication arises by the addition 
of new chambers, which may form a linear series, or beooile<l 
upon one another in various ways, or be irregularly aggre- 
gated. Moreover, the new chambers may overlap those 

G 2 
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already formed in different degrees, and tlie interspaces 
between the walls of the chambers may be variously hlled 
np by secondary deposition, until such large and apparently 
complicated bodies as the Nummulites are built up. 

The Foraminifera are almost all marine animals, living in 
the sea, from the surface to great depths, sometimes free, 
and sometimes attached to other bodies. 

The investigations of Major Owen, confirmed and extended 
by the recent work of H.M.S. ‘ Challenger,’ have proved 
that such forms as GJobiger i^, Puhinularia, and Orbidina 
constantly occur at the surface of all temperate and tropical 
seas, and, together with the Radiolaria and the Diatomaceous 
plants which accompany them, form an important ingre- 
dient in he food of pelagic animals, such as the Salpce, 

I It is no less certain that at all depths down to 2400 
fathoms or thereabouts, Glohigmncc in all stages of growth 
and containing more or less pi'otoplasmic matter are found 
at the bottom, mixed with the cases of the surface Diatoms 
and the skeletons of Radiolaria, The proportion of Glohi- 
gerinoe, OrbulinoBf and Pulvinulariw in the deep-sea mud 
increases with the depth, until, at depths beyond 1000 
fathoms, the sea- bottom is composed of a fine chalky ooze 
made up of little more than the remains of these Foramini- 
/era and their associated Diatoms and Radiolaria. 

It may be regarded as eeriain, therefore, that some of 
the chalky ooze arises from the precipitation to the bottom 
of the skeletons of dead Glohigerinm^ Pulvinnlarice and 
OrhulmcBf and it may be that the whole has this origin. On 
the other hand, it may be that a greater or smaller pro- 
portion of these Foraminifera really live at the bottom, 
as their congeners are known to do at less depths. ^ 

It has been said that the condition of the surface waters 
and sea-bottom which has just been described, obtains in 
all temperate and hot seas ; or, speaking roughly, for 55° on 
either side of the equator. Towards the northern and 
southern limits of this zone the Foraminifera diminish, while 
Radiolaria remain and DiaiomaceoB increase in proportion, 
80 tha^ in the circumpolar areas north and south of 60° in 
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eacli Hemispliere, the surface organisms are chiefly such as 
have silicious skeletons. In accordance with this condition 
of the surface life, the ooze covering the sea-bottom in these 
regions is no longer calcareous but silicious, being compose^ 
of the cases of Diatoms and the skeletons of Eadiolaria 
often largely mixed with ice, drifted mud, stones, gravel, 
and boulders. 

If we suppose the globe to be uniformly covered with an 
ocean 1000 fathoms deep, the solid land forming its bottom 
would be out of reach of rain, waves, and other agents of 
degradation and no sedimentary deposits would be formed. 
But if Foraminifera and Diatoms, following the same laws 
of distribution as at present obtain, were introduced into 
this ocean, the fine rain of their silicious and calcareous hard 
parts would commence ; and a circumpolar cap of silicious 
deposit would begin to make its appearance in the north 
and in the south ; while the intermediate zone would be 
covered with Glohigerina ooze, containing a comparatively 
small proportion of silicious matter. The thickness of the 
calcareo-silicious and silicious beds thus formed would 
be limited only by time and the depth of the ocean. These 
strata, once accumulated, would be liable to all those 
influences of percolating moisture and subterranean heat, 
which are known to suffice to convert silicious matters into 
opal, or quartzite, and calcareous matters into the various 
forms of limestone and marble. And such metamorphic 
agencies might more or less completely obliterate the traces 
of their primitive structure. 

But yet other changes might be effected. At the present 
day, in the Gulf of Mexico, off the Agulhas bank, and else- 
where, at no great depths (100 to 300 fathoms) the Fora- 
miniferal mud is undergoing a metamorphosis of another 
character. The chambers of the Foraminifei'a l)ecome 
filled by a green silicate of iron and alumina, which 
penetrates into even their finest tubuli, and takes ex- 
quisite and almost indestructible casts of their interior. 
The calcareous matter is then dissolved away, and the 
casts are left, constituting a fine dark sand, which, when 
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crushed, leaves a greenish mark, and is known as ‘ Green- 
sand.* 

Moreover, the researches of the * Challenger * have shown, 
ttiat in great areas of the Atlantic and Pacific oceans 
over which the sea has a depth exceeding 2400 fathoms — 
areas in some cases of many thousand square miles in 
superficies — the bottom is covered not by Glohigerina ooze, 
but by a fine red clay, which is also a silicate of iron and 
alumina. In this clay no remains of Glohigerina or other 
calcareous organisms are found ; but where these great 
depths gradually pass into shallower water, they make their 
appearance in a fragmentary condition — gradually be- 
coming more and more perfect as the depth diminishes to 
2400 fathoms or thereabouts. 

Nevertheless the Glohigerince and other Foraminifera 
• abound at the surface over these areas as they do elsewhere, 
and their remains must be rained down upon it. Why they 
disappear, and what relation the red clay mud has to them, 
is a problem not yet satisfactorily solved. It has been 
suggested that they are dissolved and that the red clay 
is merely the insoluble residue, left after the calcareous 
portion of their skeletons has disappeared. In this case 
the red clay, like the Glohigerina ooze, the silicious mud, and 
the greensand, will be an indirect product of living action. 

Metamorphic processes operating upon clay, however, 
may convert it into slate ; and thus, all the fundamental 
minerals of which rock masses are composed may have 
formed part of living organisms, though no trace of their 
origin may be discernible in them in their final state. 

Paleontology lends much support to the view that what 
is here suggested as a theoretically possible origin of 
much of the superficial crust of the globe, may have been 
its actual origin. 

The nummulitic limestones of the Eocene epoch cover an 
enormous area of central and southern Europe, North 
Africa, West Asia and India. And their chief mass is 
made up of the more or less metamorphosed remains of 
Farmiinifera, 
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containing a number of endoplasts. It thus leads to the 
BadioUvria {Folydstma of Ehrenberg), the simplest forms of 

FSg. 4. 



Fig. 4 . — Actinoipheerium Eichhomii (after Hertwig and Lesser^ ‘ Ueber 
Ilhizopoden/ Schulze’s Archiv, 1876), 

I.— The entire animal ; c, c, contractile vacuoles, 
n.— Part of the periphery much magni6ed ; a, a, pseudopodia with 
•tiff axial substance ; n, nuclei or endoplasts. 

III. — A very young Actinosphwrium, with only two nuclei and two 
pseudopo^a, much magnided. 

which consist essentially of a myxopod, provided with 
filamentous, radiating, and often anastomosing, pseudo- 
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podia. The centre of the body is occupied by a capsule filled 
with protoplasm; this sometimes contains only an oil- 

Flg 5. 



Fig. b.— Spfuerozoum putn-totvm.— a mass of the natural size; B, 
two of the oval central sacs with the coloured vesicles and spicula 
which lie in the investing protoplasm, magniOed. 

Fig. 6. 



Fig. Sphterozoum cvodimare (after Haeckel), magni6ed. 

globule, at others cells or nuclei, and crystalline bodies. In 
the layer of protoplasm from which the pseudopodia proceed, 
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cellffiform bodies of a bright yellow colour, which have been 
found to contain starch, are usually developed,* and this 
layer also gives rise to a skeleton of a homy, or, more usually, 
i^ilicious character, which may have the form of detached 
spicula, or of coarticulated rods, or of networks, or of plates 
of silicious matter, often of the most exquisite delicacy and 
beauty. Most of the Badiolaria are simple, solitary, and 
microscopical in size ; but some, such as Colloaphcera and 
Sphcerozoum (Figs. 5 and 6), are formed of aggregates of 
such simple forms, and float, as visible gelatinous masses, at 
the surface of the sea, which is the habitation of the great 
majority of the Badiolaria. 

The manner of multiplication and the development of 
the Badiolaria have not yet been thoroughly worked out. 
Cienkowsky, however, has observed, in CoUosphasra, that 
the protoplasm contained in the central capsule breaks up 
into numerous rounded masses. The several capsules which 
are associated together in the compound Radiolarian then 
become isolated, by the dissolution of the protoplasm which 
invested and connected them, and finally burst, giving 
exit to the rounded bodies; which, while yet within the 
capsules, were observed to be in active motion. The germs 
(for such they appear to be) thus set free are 0*008 mm. 
long, ovate, and carry two flagelliform cilia at their nar- 
row ends ; so that they are ‘ monads.’ Each has in its 
interior a crystalline rod and a few minute oil-globules. 
The further development of these mastigopods has not 
yet been traced; but if, as is probable, they pass into 
young Badiolaria (which, according to Haeckel, possess no 
capsule, but resemble Actinosphcsria), the Badiolaria, as 
members of the Endopladica, would typify Protomfhias 
among the Monera. Neither conjugation nor fission has 
been observed among the ordinary Badiolaria, but both 
these processes take place in Actinoitphcerivm ; and, consider- 
ing the resemblance of the young Badiolaria to Actino- 

* Even after the death of the multiply, and the possibility that 
Radiolarian, these yellow cells are they may be parasites must be 
•aid by Cienkowsky to thrive and borne In mind. 
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sphc^unif it seems probable that conjugation and fission 
will yet be discovered among them. 

Actinosphcerium has been observed to undergo multiplica- 
tion, by division of its central substance into a certaii^ 
number of spheroids, and every spheroid becomes enclosed 
in a silicious case. After a period of rest, a young Actino- 
spluBirivm emerges from each of these cysts. 

The marine Badiolaria all inhabit the superficial stratum 
of the sea, and must fabricate their skeletons at the expense 
of the infinitesimally small proportion of silex which is 
dissolved in sea-water ; but when they die, these skeletons 
sink to the bottom, and there accumulate, together with the 
Foraminiferaf in warm and temperate regions; and with 
the cases of the diatomaceous plants, which abound at the 
surface, along with the Badiolaria, all over the globe (see 
p. 85). The late investigations of Archer and others have 
demonstrated the existence of a considerable number of 
fresh-water Badiolaria. 

Extensive masses of tertiary rock, such as that which is 
found at Oran, and that which occurs at Bissex Hill, in 
Barbadoes, are very largely made up of exquisitely preserved 
skeletons of Badiolaria. But, though there can be little 
doubt that Badiolaria abounded in the cretaceous sea, none 
are found in the chalk, their silicious skeletons having 
probably been dissolved and redeposited as flint. 

2. The Peotoplasta. — The proper Amoehce have broad 
and ovate pseudopodia, and resemble Protamoeha (p. 78) very 
closely ; but they present an advance upon its structure by 
exhibiting a distinct endoplast (nucleus) and a contractile 
vacuole. In Arcella, there are many such nuclei. They 
thu8«tand in somewhat the same relation to Protamoeba as 
Actinophrys does to Protogenes. 

Moreover, there are Arfuebce in which the power of throw- 
ing out pseudopodia is confined to one region of the K)dy ; 
and others, as Arcella, in which a shell is formed over the 
rest of the body. In other AmoshoR, as A. radiosa, the pseii- 
dopodia are few, narrow, and but little mobile. But 
the Amwbee present no such diversity of skeletal develop- 
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ment as the Foraminifera do. They multiply by division, 
and in some cases — e.g.,A. sphcerococcvs of Haeckel — become 
encysted before they divide. 

^ AnuehcB (the “ proteus animalcules ” of the older writers) 
are not uncommon, and sometimes are very abundant, in 
fresh waters ; they also occur in damp earth and in the sea, 
but there is much doubt whether many of them are to be 
regarded as independent organisms, or whether they are not 
rather stages in the development of other animals or even of 
plants, such as Myxomycetea. Leaving out the contractile 
vacuole, the resemblance of an Amoeba in its structure, 
manner of moving, and even of feeding, to a colourless 
corpuscle of the blood of one of the higher animals is par- 
ticularly noteworthy.* 

3. The Gregarinid^e are very closely allied to the 
AmoeboBf but, in the cycle of forms through which they 
pass, they curiously resemble Myxaatrum. In form, they 
are spheroidal or elongated oval bodies, sometimes divided 
by constrictions into segments. Occasionally, one end of 
the body is produced into a sort of rostrum, which may 
be armed with recurved homy spines. 

In the ordinary Gregarince, the body presents a denser 
cortical layer (ectosarc) and a more fluid inner substance 
(endosarc), in which last the endoplast (nucleus) is imbedded. 
The presence of contractility is manifested merely by slow 
changes of form, and nutrition appears to be effected by 
the imbibition of the fluid nutriment, prepared by the 
organs of the animals in which the Gregarince are pai'asitic. 
There is no contractile vacuole. 

The Gregarince have a peculiar mode of multiplication, 
sometimes preceded by a process which resembles coiii^uga- 
tion. A single Gregarina (or two which have become 
applied together) surrounds itself with a structureless cyst. 
The nucleus disappeai-s, and the protoplasm breaks up (in a 
manner very similar to that in which the protoplasm of 
a sporangium of Mucor divides into spores) into small 

♦ Contractile vacuoles have been observed in the colourless blood 
oorpuseles of Amphibia under certain conditions. 
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bodies, eacli of which acquires a spindle-shaped case, and 
is known as a pseudo-navicella. On the bursting of the 
cyst these bodies are set free, and, when placed in favour- 
able circumstances, the contained protoplasm escapes a» 
a small active body like a Protamceha, M. E. van Beneden 
has recently discovered a very large Qregarina {O. gigantea), 
which inhabits the intestine of the lobster, and his careful 


Fig. 7. 



Fig. 7. — A, Gregarinn of the earthworm (after Lieberkiihn') ; B, en- 
cpted ; C, D, contents divided into pseudo-navicellie ; K. F, free 
pseudo-navicellsB ; G, H, free amoebifonn contents of the latter. 

investigation of its structure and development has yielded 
very interesting results. 

Qregarina gigantea attains a length of two-thirds of an 
inch. It is long and slender, and tapers at one extremity, 
while the other is obtuse, rounded, and separated by a slight 
constriction from the rest of the body, which is cylindroidal. 
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The outer investment of the body is a thin structureless 
cuticle ; beneath this lies a thick cortical layer (ectosarc), dis- 
tinguished by its clearness and firmness from the semifluid 
•entral substance (endosarc), which contains many strongly 
refracting granules. In the centre of the body, the ellipsoid 
“ nucleus,” with its “ nucleolus,” fills up the whole cavity of 
the cortical layer, and thus divides the medullary substance 
into two portions. The body of this Gregarina may present 
longitudinal striations, arising from elevations of the inner 
surface of the cortical layer, which fit into depressions of 
the medullary substance; but these are inconstant. On 
the other hand, there are transverse striations which are 
constant, and which arise from a layer of what are ap- 
parently muscular fibrillsB, developed in a peripheral part 
of the cortical layer, immediately below the cuticle. The 
fibriUaB themselves are formed of elongated corpuscles 
joined end to end, A transverse partition separates the 
cephalic enlargement from the body, and the layer of 
muscular fibres only extends into the posterior part of the 
enlargement. 

The embryos of Gregarina gigantea, when they leave 
their pseudo-navicellae, are minute masses of protoplasm 
similar to Protanwebce, and like them devoid of nucleus 
and contractile vacuole. They soon cease to show any 
change of form, and acquire a globular shape, the peri- 
pheral region of the body at the same time becoming clear. 
Kext, two long processes bud out from this body; one 
is actively mobile, the other still. The former, detaching 
itself, assumes the appearance and exhibits the motions 
of a minute thread-worm, whence M. van Beneden terms 
it a psevdo-filaria. The enlargement at one end becofiies 
apparent, the pseudo-filaria passes into a quiescent state, 
and the “ nucleolus ” makes its appearance in its interior. 
Around this a clear layer is differentiated, giving rise to 
the nucleus,” and the pseudo-filaria passes into the con- 
dition of the adult Gregarina gigantea, 

4. The Oatallacta of Haeckel, represented by the genus 
MagoBphm-a, are, in one stage, myxopods with long pseudo- 
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podia, which, broad and lobe-like at the base, break np into 
fine filaments at their ends, and may therefore be said 
o be intermediate between those of Protogenes and those 
3 f Protamceha. The myxopod is provided with a distinct* 
mdoplast and a well-marked contractile space. When 
’ully fed, it secretes a cyst and divides into a number of 
nasses, each of which is converted into a conical body, 
with its base turned outwards and its apex inwards. These 
conical bodies are imbedded in a gelatinous matter, and 
thus cohere into a ball, from the centre of which they 
*adiate. Each developes cilia around its base, and contains 
an endoplast and a contractile vacuole. After the complex 
globe thus formed has burst its envelope, it swims about 
for a while, like a Volvox. The several ciliated animalcules 
feed by taking in solid particles through the disk. They 
then separate, and, finally, retracting theii' cilia, become 
myxopod s such as those with which the series started. 
Magosphcera is thus veiy nearly an endoplastic repetition 
of the moneran Protonionas — the mastigopod being pro- 
vided with many small cilia, instead of with a couple of 
large flagella. On the other hand, the Catallacta are closely 
allied to the next group, and, I am disposed to think, 
night well be included in it. 

5. The Infusoeia. — Excluding from the miscellaneous 
assemblage of heterogeneous forms, which have passed 
under this name, the DesmidiaSy Diatomaceoe, VolvodnecEy and 
VihrionidWf which are true plants, on the one hand ; and 
the comparatively highly organised Botifera, on the other ; 
there remain three assemblages of minute organisms, which 
may be conveniently comprehended under the general title 
of Infusoria. These are — (a) the so-called “Monads/’ or 
Infusoria fiagellata ; {b) the Acinetoiy or Infusoria tentacu- 
lifera ; and (c) the Irfusoria cUiata, 

(a.) The Fiagellata. — These are characterised by pos- 
sessing only one or two long whip-like cilia, sometimes 
(when more than one are present) situated at the same end 
of the body, sometimes far apart. The body very generally 
exhibits an endoplast and a contractile vacuole. There is 
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no permanently open oral aperture, but there is an oral 
region, into which the food is forced, and, passing into the 
endosarc, remains for some time surrounded by a globule 
•of contemporaneously ingested water — a so-called ‘‘food 
Tacuole.” Professor H. James Clark, who has recently 
carefully studied the Flagellata, points out that, in Bicosceca 
and Codonceca, a fixed monadiform body is enclosed within a 
structureless and transparent calyx. In Codosiga a similar 
transparent substance rises up round the base of the flagel- 
lum, like a collar. In Salpingceca the collar around the 
base of the flagellum is combined with a calycine invest- 
ment for the whole animal. In Anthophysa, there are two 
motor organs — ^the one a stout and compai*atively stiff 
flagellum, which moves by occasional jerks, and the other a 
very delicate cilium, which is in constant vibratoiy motion. 

^e discrepancy between the two kinds of locomotive 
organs attains its maximum in Anisonema, which presents 
interesting points of resemblance to Noctiluca. 

Mxdtiplication by longitudiniil fission was observed in 
Codosiga and Anthophysa^ and probably occurs in the other 
genera. In Codosiga the flagellum is retracted before fission 
takes place, but the body does not become encysted; in 
Anthophysa the body assumes a spheroidal form, and is 
surrounded by a structureless cyst, before division occurs. 

Conjugation has not been directly observed among most 
of the Infusoria flagellatay nor do any of them exhibit a 
structure analogous to the endoplastule of the Ciliata. 

Messrs. Ballinger and Drysdale have recently worked out 
the life history of several flagellate “ Monads,” which occur 
in putrefying infusions of fish. They show that these 
Flagellata not only present various modes of agamic multi- 
plication by fission, preceded or not by encyst ment, but 
that they conjugate, and that the compound body which 
results (the equivalent of the zygospore in plants) becomes 
encysted- Sooner or later, the contents of the cyst become 
divided either into comparatively large or excessively 
minute bodies, which enlarge and gradually take on the 
fbtm of the parent. 
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The careful investigations of these authors lead them to 
conclude that, while the adult forms are destroyed at from 
C., the excessively minute sporules which have been 
mentioned, and which may have a diameter of less thai^ 
of an inch, may be heated to 148° C. without the 
destruction of their vitality. 

In Eaglena viridis (which, however, may be a plant) 
Stein ^ has observed a division of the “ nucleus to take 
place, whereby it becomes converted into separate masses, 
some of which acquire an ovate or fusiform shape, sur- 
rounding themselves with a dense coat, while others become 
thin- walled sacs, full of minute granules, each of which is 
provided with a single cilium. The ultimate fate of these 
bodies has not been traced. 

A careful study of the singular genus Noctilum, led mo, 
in 1855, to assign it a place among the Infmoria, and recent 
investigations have conclusively proved that it is one of the 
Flagellata, 

The spheroidal body of Noctlluca miliarw (Fig. 8) is about 
one-eightieth of an inch in diameter, and, like a peach, pre- 
sents a meridional groove, at one end of which the mouth is 
situated. A long and slender, transversely striated ten- 
tacle overhangs the mouth, on one side of which a hard- 
toothed ridge projects. Close to one end of this is a Wbratile 
cilium. A funnel-shaped depression leads into a central 
mass of protcpliism, connected by fine radiating bands with 
a layer of the same substance which lines the cuticular 
envelope of the body. There is no contractile vacuole, but 
an ovjil endoplast lies in the central protoplasm. Bodies 
which are ingested are lodged in vacuoles of the latter until 
theyiare digested. 

According to the obsen^ations of Cienkowsky.f if a 
Noctiliu^a be injured, the body bursts and collapses, but the 
protoplasmic and other contents, together with the tentacle, 
form an irregular mass, the periphery of which eventually 

* ‘Organismus dcr Infusions- (Schulze’s ‘Archiv fiir Mikro 
thiere,’ ii. skop. Anatomle/ 1872.) 

“ Uober Mootiluca miliaris,’* 


H 
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becomes vacuolated, enlai’ges, and secretes a new invest- 
ment. But even a small portion of the protoplasm of a 
mutilated Noctiluca is able to become a perfect animal. 
(jUnder some conditions, the tentacle of a Noctiluca may be 
retracted into the body, and, at all times of the year, 
spheroidal NocHIuccb, devoid of flagellum, tooth, or meridio- 
nal groove, but otherwise normal, are to be found. These 
last are probably to be regarded as encysted forms. Multi- 
plication may take place in at least two ways. Fission may 


Fig. 8. 



Fig. 8. — NocfUuca miliaria.— e. Gastric vacuole ; g, radiating filaments ; 

f. anal aperture, (i*) 

occur in the spheroidal forms, as well as in those posafssetl 
of a tentacle ; it is inaugurated by the enlargement, con- 
striction, and division of the endoplast. This process takes 
place more especially in the latter part of the year. 

Another mode of asexual multiplication, which has a sin- 
gular resemblance to the process of partial yelk division, 
occurs only in the spheroidal Noctilucoe. The endoplast 
disappears, and the protoplasm, accumulating on the inner 
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side of one region of the cuticle, divides first into two, 
then four, eight, sixteen, thirty-two, or more masses : the 
division of the protoplasm being accompanied by the eleva- 
tion of the cuticle into protuberances, which, at first, corre* 
spond in number and dimensions with these division masses. 
'WTien the division masses have become very numerous, 
each protrudes upon the surface, and is converted into a 
free monadiform germ, provided with an endoplast, a beak, 
and a long tentacle, which is hardly to be distinguished from 
a ilagelliform cilium. 

The process of conjugation has been directly observed. 
Two Noctilucce, applying themselves by their oral surfaces, 
adhere closely together, and a bridge of protoplasm con- 
necting the endoplasts of the two becomes apparent. The 
tentacula are thrown off, the two bodies gradually coalesce, 
and the endoplasts fuse into one. The whole process 
occupies five or six hours. Spheroidal or encysted Noctilncce 
may conjugate in a similar manner. In this case, the re- 
gions nearest the endoplasts are those which become applied 
together. Whether this process is of a sexual nature, or 
not, is not clearly made out. Cienkowsky admits that it 
may hasten the process of multiplication by monadiform 
germs described above. 

Noctiluca is extremely abundant in the superficial waters 
of the ocean, and is one of the most usual causes of the 
phosphorescence of the sea. The light is given out by the 
peripheral layer of protoplasm which lines the cuticle. 

The Peridhiece (see Fig. 1,/) form another aberrant group of 
the Flagellata, which lead to the Giliata. The body is enclosed 
in a hard case (sometimes produced into rays), which, at one 
pari? presents a groove-like interniption, laying bare the con- 
tained protoplasm, in which lies an endoplast, and in some 
cases a contractile vacuole. One or more flagelliform cilia, 
and usually a wreath of short cilia, are protruded from the 
protoplasm, and serve as locomotive organs. The mouth is 
a depression, whence, in some cases, an oesophageal canal is 
continued and terminates abruptly in the semi-fiuid central 
substance of the body, the food-particles being lodged in 

H 2 
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vacuoles formed at its extremity, as in the Ciliata, No 
other mode of multiplication than that by fission has yet 
been observed in the Peridinece ; but this fission is some- 
4!i;imes preceded by the enclosure of the animal in an 
elongated crescent-shaped cyst. 

(6.) The Tentaculipera. — The AcinetcB (Fig. 9, D, E, 
F, G) have no oral aperture of the ordinary kind, but filiform 
processes or tentacula, which are usually slender, simple, 
and more or less rigid, radiate from the surface of the body 


Fig. 9. 



Fig. 9. — A, Vorticellay active; B, C, encysted ; D, B, F, G, Acinetn- 
(after Stein). 


generally, or from one or more regions of that surface? At 
first sight, these t^tacula resemble the radiating pseudo- 
podia ot Actinophrys, but, on closer inspection, they are seen 
to have a different character. Each, in fact, is a delicate 
tube, presenting a structureless external wall, with a semi- 
fiuid granular axis, and usually ends in a slight enlargement 
or knob. It may be slowly pushed out or retracted, or di- 
versely bent. But, instead of playing the part of mere 
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preliensile organs, these tentacles act, in addition, as 
suckers ; the Acineta applying one or more of these organs 
to the body of its prey* — ^usually some other species of 
Infusorium, — when the substance of the latter travels along® 
the interior of the sucker into the body of the Acineta, Solid 
food is not ingested through these tentacles, so that the 
AcinetcB cannot be fed with indigo or carmine. In the 
interior of the body there is an endoplastf with one or 
more contractile vacuoles, and it may be cither fixed by a 
stalk or free. 

The Acinetce multiply by several methods. One of these 
is simple longitudinal fission, which appears to be rare 
among them. Another method consists in the development 
of ciliated embryos in the interior of the body. These 
(‘iiibryos result from the separation of a portion of the 
('ndoplast, and its conversion into a globular or oviil germ, 
which, in some species, is wholly covered with \'ibratile 


♦ Stein (‘ Der Organ ism us der 
Infusioiistiiiere,’ i. 70) thus de- 
scribes the method by which an 
Acineta seizes its prey : ‘‘ If an 
liitusoriura swims witiiin reach 
of the Acineta, the nearest ten- 
tacles are swiftly thrown towards 
it, and, at the same time, often 
become much elongated, bent, 
or irregularly twisted about. The 
knob-like ends of these tentacles, 
Mhichcome into immediate con- 
tact with the surface of the en- 
tangled prey, spread out into 
disks, and adhere fixedly to it. 
When many ot the tentacles have 
thus attached themselves, the im- 
prisoned animal is no longer able 
to es^pe, its movements become 
slower, and at length cease. 
Those tentacles which have fixed 
themselves most finnly shorten 
and thicken, and draw the prey 
nearer to the body . . . Suddenly, 
as soon as the sucking disk has 
bored through the cuticula of the 
prey, a very rapid stream, in- 
dicated by the fatty particles 
>vliich it curries, sets along the 


axis of the tentacle, and, at its 
base, pours into the neighbouring 
part of tlie body of the Acineta. 

. . . The cause of the movement 
is unknown. It is not accom- 
panied by any discernible move- 
ment of the w'allsof the tentacle.'’ 

t No endoplastule, such as ex- 
ists in other Infuf>onay has been 
observed as yet in tlie AcineUv. 
Under some circumstances, the 
Acinetie draw in their radiating 
piocesses, and surround them- 
selves with a structureless c\8i; 
but this process does not appear 
to have any relation to eitlier 
mode of multiplication. 

In Acineta mysttacina and Po(io~ 
phrya fixa^ a peculiar mode of 
multiplication by division occurs. 
At the free end of the body a 
jKirtion becomes constricted of!’, 
together with part of the endo- 
plast, from the remaining stalked 
part. The tentacula are drawn 
in, and the segment becoming 
elongated, dev elopes cilia over 
its wiiole surface and sw ims away. 
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cilia, while, in others, the cilia are confined to a zone around 
the middle of the embryo. The germ makes its escape by 
bursting through the body wall of its parent. After a 
short existence (sometimes limited to a few minutes) in the 
condition of a free swimming animalcule, provided with an 
endoplast and a contractile vacuole, but devoid of a mouth, 
the characteristic knobbed radiating processes make their 
appearance, the cilia vanish, and the animal passes into the 
Acineta state. 

The Aciiietm have frequently been obseiwed to conjugate, 
the separate individuals becoming completely fused into 
one, and their endoplasts coalescing into the single endo- 
plast of the resultant Acineta ; but it is not certainly made 
out, whether this process has, or has not, tinything to do 
with the process of the development of ciliated embryos just 
described. 

(c.) The CiLiATA. — The characteristic feature of tlie 
Ciliata is, that the outer surface of the body is provided with 
numerous vibratUe cilia, which are the organs of prehension 
and locomotion. According to the distribution of the cilia, 
Stein has divided them into the Holotricha, in which the 
cilia are scattered over the whole body, and are of one kind ; 
the Heterotricha, in which the widely diflfused cilia are of 
different kinds, some larger and some smaller; the Hi/po- 
tricha, in which the cilia are confined to the under or oral 
side of the body ; and the Pei'itriclia, in which they form a 
zone round the body. The great majority of these animals 
are asymmetrical. 

In the simplest and smallest Ciliata, the body resembles 
that of one of the Flagellata in being differentiated merely 
into an ectosarc and endosarc, with an endoplast atid a 
contractile vacuole. In most, if not all cases, however, 
there is not only an oral region, through which the in- 
gestion of food takes places, but an oesojihageal depression 
leads from this into the endosjirc ; and it may be doubted 
whether, even in the simplest Ciliata, there is not an anal 
area through which the undigested parts of the food are 
thrown out. 
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The genus Colpoda, which is very common in infusions of 
hay, is a good example of this low form of ciliated Infu- 
sorium. It has somewhat the form of a bean flattened on 
one side, and moves actively about by means of numerous 
cilia, the longest of which are situated at the anterior end 
of the body. At the pos terior end is the contracti le vaciiple, 
while a large end oplast lies in the juiddle, as Stein origin- 
ally discovered. Colpoda frequently become quiescent, 
retract their cilia, and surround themselves with a structure- 
less cyst. Each encysted Colpoda then divides into two, 
four, or more portions, which assume the adult form and 
escape from the cysts to resume an active existence. 

Allman has described the encystment of a Vorticellidan, 
followed by division of the nucleus into many germs, with- 
out any antecedent process of conjugation ; and Everts has 
observed that the progeny of an encysted Vorticella take on 
the form of Trichodina grandinella. The Trichodincs mul- 
tiply by transverse divisions, and then grow into Voi-ti- 

Encystment, whether followed or not by division, is very 
common among all the Ciliata.and a species of Amphileptm 
has been seen to swallow — or rather envelope — a stalked 
bell-animalcule (Vorticella), and then become encysted upon 
the stalk of its prey, just as Vampyrella becomes perched 
upon the stalk of the devoured Gomphoiiema. 

In the higher Cil lata, the protoplasm of the body becomes 
directly ditterentiated into various structures, in the same 
way as has already been seen to bo the case in Grcyarina 
gigantea, but to a much greater degree. 

Thus, in the Peritricha, of which the bell-animalcules, or 
Vorflcellre (Fig. 9, A, B, o). are the commonest examples, the 
oral region presents a depression, the vestibule (Fig. 9, a), 
from which a permanent msophageal canal leads into the soft 
and semi-fluid eudosarc, where it terminates abruptly ; c.nd 
immediately beneath the mouth, in the vestibule, there is an 
anal region which gives exit to the refuse of digestion, but 
presents an opening only when fiecal matters are passing 

* Allman, ‘ Prositlendal Address to tliC Liuncan Society,’ 187o, 
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out. Except wliere the ciliated circlet, or rather spiral, is 
situated, the outer wall of the body gives rise to a relatively 
dense cuticula, and not unfrequently secretes a transparent 
^ip or case, foreshadowing the theca of hydrozoal polypes. 
Moreover, in the permanently tixed Vorticelloe, the stalk of 
attachment may present a central muscular fibre (Fig. 9,/), 
by the sudden contraction of which the body is retracted, 
the stalk being at the same tim<^ Ihrowu into a spiral. In the 


Fig. 10. 

A B C 



Fig. 10. — /^arawac/wm hursaria (afrer Stein) - tlie animal viewed 
from the dorsal side ; a. cortical layer of the body ; /v, endopl>i8t ; 
Cf contractile space; d </', matters taken in ns food c, chloropljyll 
granules. 

B, The animal viewed from the ventral side : a, depression leading to 
A, mouth ; c, gullet ; d, endoplast ; d\ endo})la8tulc ; r, central proto- 
plasm. In both thesd figures the arrows indicate the direction of the 
circulation. 

C, Paramcecivm dividing transversely; a a\ contractile spaces; b b, 
endoplast dividing ; v endoplastulcs. 

holotnchous Paranweciurn {Fig. 10) beneath the thin super- 
ficial transparent cuticle from which the cilia proceed, there 
is a very distinct gprtical layer, fibrillated in a direction per- 
pendicular to the surface, and, in some species of this or other 
genera, as Strcmibidium and PohjkricoH (Butschli), beset with 
minute rod -like bodies similarly disposed, which, under some 
circumstances, shoot out into long filaments, and have been 
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termed trichocyats. In P. buraaria, minute green granules 
of cMorophyll are dispersed through this layer, and Cohn 
demonstrated, in 1851, that these yield the same reactions 
as the chlorophyll grains of the Algae. In Balantidiuvf, 
Nyctothei'ua, Spiroatomum, and many others, the cortical 
layer is divided by linear markings into bands, which there 
is reason to believe are rudimentary muscular fibres. 

In many Ciliata, the endosarc appears to be almost fluid, t 
The food, which is didven into the mouth and down the 
oesophagus by the constant action of the ciUa, accumulates 
at the bottom of the oesophagus ; and then, with the water 
which surrounds it, is passed, at intervals, with a sort of 
jerk, into the endosarc, where it lies, close to the end of the 
oesophagus, as a food vacuole, for a short time. But it soon 
begins to move, and, along with other such vacuoles formed 
before and after it, circulates in a definite course up one 
side of the body and down the other, between the cortical 
layer and the eiidoplast. This movement is particularly 
free and unrestricted in Balantidium ; in Paramveeivmiy the 
tract through which the food vaonoles move is more de- 
finitely limited,* while, in Nijctotherus, it appears to be 
confined to a part of the body between the end of the 
gullet and the anal region, which, in this Infusorium, is 
seated at one end of the body. In fact, the finely granular 
endosarc of Nyctotherm so limits the passage of the food 
vacuoles, that the tract along which they pass might pro- 
perly be described as a rudimentary intestinal canal. 

The oral cavity is usually ciliated: sometimes, as in Chi- 
lodoii, it has a chitinous armature, which becomes some- 
what complicated in ErviUa [Dyateria f) and the Duitniitm 
desA*ibed by Balbiani. 

Torquatdla (Lank ester) has a plicated membrane around 
the mouth in the place of cilia. 

The contractile vacuoles attiiin their greatest complexity 

* In Paratncpcium burmricL, inch in a second. 

Cohn observed tliat tlio circula- t Huxley, “On IVsteria.” 
tion was completed in to 2 (‘Quarterly Journal of Micro- 
minutes, which gives a rate of scop. Science,’ 1857.) ^ 
rotation of 5 ,^.^ to , l-mth of an 
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the Paramceda, in which there are two — one towards 
leach end of the body. They are lodged in the cortical 
■layer, and, in diastole, a portion of their outer periphery 
is bounded only by the cuticle, through which it is very 
probable that they communicate with the exterior. When 
the systole takes place, a number of fine canals, which 
radiate from each vacuole, are seen to become distended 
with clear watery fluid. These canals are constant in 
their position, and some of them may be traced nearly 
as far as the mouth ; so that the canals and vacuoles form a 
permanent water-vasculai* system. The endoplast is finely 
granular, like the substance of the endosarc. It is frequently 
said to be enveloped in a distinct membrane, but I am dis- 
posed to think that this is always a product of reagents. 
Attached to one part of it there is very generally (but not 
in the Vorticell^) a small ovaJ or rounded body, the so-called 
“ nucleolus ” or endopladule. The endoplast is commonly 
said to be imbedded in the cortical layer, but this is cer- 
tainly not the case in Colpoda, Faranioeciumy Balantidium, 
or Nyctothenis. 

The outermost, or cuticular, layer of a large portion of the 
body becomes hardened and forms a sort of shell, in many of 
the free Infusoria, In the frt*e marine Dichjocystida and 
Codonellida of Haeckel, the body has a beU-shaped envelope, 
which in the DictyocysUda (see Fig. 1,) is strengthened by a 
silicious skeleton like that of a Radiolarian. In both 
genera the circular lip which surrounds the onil end is 
provided with numerous long flagelliform cilia.* 

Most of the Ciliata, while in full activity, multiply by 
division; this is generally elfected by the formation of 
a more or less transverse constriction, whereby the lft)dy 
becomes divided into two parts, which separate, each de- 
veloping those structures which are needed for its comple- 
tion. The endoplast, however, always elongates and divides, 
one portion going along with each product <»f fission. 
Neither budding nor longitudinal fission occurs among the 
free Infusoria, the appearances which have been regarded 
♦ Haeckel, ‘Zur Morpl;ologie dcr Infusoricr,’ 1873, 
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as evi‘lence of these processes being due to the opposite 
operation of conjugation. M. Balbiani,* its discoverer, 
thus describes this process of conjugation in Pa/ramoedum 
hurearia : — t 

“ The Paramo&cia assemble in great numbers either to- 
wards the bottom or on the sides of the vessel in which they 
are contained. They then conjugate in pairs, their an- 
terior ends being closely united ; and they may remain in 
this state for five or six days or more. During this period, 
the nucleus and nucleolus become transformed into sexual 
organs. 

The nucleolus is changed into an oval capsule, marked 
superficially by longitudinal striae. Sooner or later, it usually 
becomes divided into two or four porti<jn8, which grow in- 
dependently, and form many separate capsules. About the 
time of separation, each of these is found to be a capsule 
containing a bundle of curved rods {baguettes), enlarged in 
the middle, and thinner at the ends. 

“ The nucleus also becomes enlarged, and gives rise — in a 
manner not clearly explained — to small spherical bodies 
analogous to ovules. 

It is usually about the fifth or sixth day after conjugation 
that the first germs appear, as little rounded bodies, formed 
of a membrane which is rendered visible by acetic acid, and 
of greyish pale homogeneous or almost imj>erceptibly granu- 
lar contents, in which, as yet, neither nucleus nor contrac- 
tile vacuole is distinguishable. It is only later that these 
organs appear. The observations of Stein and of F. Cohn 
have shown how these embryos leave the body of the mother 
under the form of Acuieice, provided with knobbed tentacles 
au(Ftrue suckers, by means of which they remain for some 
time adherent to her, and nourish themselves from her 
substance. But their investigations have not disclosed the 
ultimate fate of the young. 

“I have been able to follow them for a long period after 
their detachment from the maU'rnal organism ; and I have 

* Balbianl, “ Note relative a TExistence il’une Gcui^ration Sexuclle 
chcx lea Infusuires,” (‘ Journal de la Pliyaioiogie,* tome i., 18a8.) 
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been able to assure myself that, after having lost their ten- 
tacles, becoming clothed with vibratile cilia, and acquiring 
a mouth, which makes its appearance as a longitudinal 
gi'oove, they return definitely to the parental form, develop- 
ing in their interior the green granules which are charac- 
teristic of this Paranhoecium, withotit undergoing any more 
extensive metamorphosis.” 

In Figs. 19-22 of Plate lY., which accompanies his paper, 
Balbiani figures all the stages by which the acinetiform 
embryo becomes a Paramoecium. 

So far as the fact of conjugation, the changes in the 

nucleolus,” and the development of filaments in it, with 
the subsequent detachment, by division, of masses from the 
“ nucleus ” are concemed, tliese statements have not been 
modified by M. Balbiani, while they are fully confirmed by 
the observations made by himself, Claparede and Lachman, 
Stein, Kblliker, and others, in Paramceciuvi hv maria, P, 
aurelia, and other ciliated Infusoria. 

In the closely allied Paramcpciuni aurelia, the occurrence 
of the various stages of conjugation, conversion of the 
“ nucleolus ” into bundles of spermatozoa, and subsequent 
division of the “ nucbuis ” is al8i> established by the coinci- 
dent testimony of Biilbiani and Stein. Balbiani affirms 
that, in this species, the clear globular boilies which result 
from the divibion of the “nucleus” pass out of the body 
without undergoing any further modification, and he 
considers them to be ovules. Stein also admits that he 
has never seen acinetiform cmbr}U)8 in this species. 

But, as it would seem, on the strength of these nega- 
tive observations in Paramoecium aurelia, Balbiani, in his 
later publications, asserts that the “ acinetiform embr 3^)8 ” 
observed not only in Paramwcinm, but in Stylonychia, 
Sterdor, and many other ciliated InfiisoHa, are not embryos 
at all, but parasitic Acinetw ; and he makes this assertion 
without explicitly withdrawing the statement given above 
of his own observation of the passage of the acinetiform 
embryo of Paraynoecium hursaria into the ])arental form. 
Engelmann and Stein, on the other hand, hold by Balbiani's 
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original doctrine, and give strong reasons for so doing. 
Among the most forcible analogical arguments are those 
afforded by the process of sexual reproduction observed by 
Stein in the peritrichous Infusoria. • 

In ttie Peritricha {VorticellidcBf OphrydidcB, Trichodidce) 
conjugation takes place by the complete and permanent 
fusion of two individuals, which are sometimes of equal 
dimensions ; though, in other cases, one is much smaller than 
the other, and, while it is in course of ab 80 i*ption, looks like 
a bud, and was fonnerly taken for such (Fig. 9, A, g, h). The 
small individuals usually take their origin from a group of 
small stalked Vorticellw^ which are produced by the repeated 
longitudinal division of a Vorticella of the ordinary size. 
The result of the conjugative act is that the “ nuclei of 
the two individuals, either before or after their coalescence, 
break up into a number of segments. The segments may 
remain separate or coalesce into a single mass, called by 
Stein, placenta. In the former case, some of the segments 
])ecome germ masses, while the othei*s reunite to form a new 
‘‘ nucleus ; ” in the latter, the placenta throws out a number 
of germ masses, and then assumes the form of an ordinary 
“ nucleus.” The germ masses give off portions of their 
substance, including part of their nucleus,” and these 
become converted into ciliated embryos, which escape by a 
spcciiil opening. Knobbed tentacles, like those of the 
Acinetcp, have not l>een . obseiwed in the embryos of the 
Peritricha^ nor has their development been traced out. 

If the bodies reg irded as acinetiform embryos iff the 
Clliata are really such, they may be taken to represimt the 
myxopod stage of tlu^ Catallacta, and the relations i>f the 
Aci%eice to the Ciliaia would appear to be that they art' 
modifications of a common type, differing from the Catal- 
lacta in having tinticula instead of ordiiviry p8eudo[xKlia. 
In the Acineta\ the teiitmnilate stage is the more j>eruianeut. 
the ciliated stage transitory: while, in the CUiata, the 
ciliated stage is the more permanent, and the tentaculatf 
stage transitoiT*. 
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CHAPTER III. 

THE PORIFEKA AND THE CCELENTERATA. 

1. The PoRiFERAor Spongida. — It has been seen that, in 
the Protozoa, the germ undergoes no process of division 
analogous to the “ yelk division ” of the higher animals, and 
to the corresponding process by which the embryo cell of 
every plant but the very lowest becomes converted into a 
cellular embryo. Consequently, there is no blastoderm ; the 
body of the adult Protozoon is not resolvable into mor- 
phological units, or cells, more or less modified ; and the 
alimentary cavity, when it exists, has no special lining. 
Moreover, the occurrence of sexual reproduction in most 
of the Protozoa is doubtful, and there is, at present, no 
evidence of the existence of male elements, in the form of 
filamentous spermatozoa, in any group but the Infusoria ; 
and even here the real nature of these bodies is still a 
matter of doubt. 

In all the Metazoa, the germ has the form of a nucleated 
cell. The first step in the process of development is the 
production of a blastoderm by the suMi vision of that cell, 
and the cells of the blastodeiin give rise tt) the histological 
elements of the adult body. With the exception of certain 
parasites, and the extremely modified males of a few sp^ciey, 
all these animals possess a pennanent alimentary cavity, 
lined by a special layer of cells. Sexual reproduction 
always occurs; and, very generally, though by no moans 
invariably, the male element has the form of filiform 
spermatozoa. 

The lowest term in the series of the Metazoa is un- 
doubtedly represented by the Ponftra or Sponges, which, 
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after oscillating between the vegetable and the animal king- 
doms, have, in recent times, been recognised as animals 
by all who have sufficiently studied their structure and the 
manner in which their functions are performed. ^ 

But the place in the Animal Kingdom which is to be 
assigned to the sponges has been, and still is, a matter of 
debate. It is certain that an ordinary sponge is made up 
of an aggregation of corpuscles, some of which have all the 
characters of ArruBhoe, while others are no less similar 
to Monads ; and therefore, taking adult structure only into 
account, the comparison of a sponge to a sort of compound 
protozoan is perfectly admissible, and in the absence of 
other evidence, would justify the location of the sponges 
among the Protozoa, 

But, within the last few years, the development of the 
sponges has been carefully investigated; and, as in so 
many other cases, a knowledge of that process necessitates a 
reconsideration of the views suggested by adult structure. 

The impregnated ovum undergoes regular division ; a i 
blastoderm is formed, consisting of two layers of cells — 
an epiblast and a hypoblast, — and the young animal has 
the form of a deep cup, the wall of which is composed of 
two layers, an ectoderm and an endoderm, which proceed 
respectively from the epiblast and hypoblast. The embryo 
sponge is, in fact, similar to the corresponding stiige of 
a hydrozoon, and is totally unlike any known condition 
of a protozoon. 

Beyond this early stage, however, the sponge embryo 
takes a line of its own, and its subsequent condition differs 
altogether from anything known among the Cwlent^nda ; 
all oi which, on the other hand, present close and intimate 
resemblances in their fxirther development, as in their adult 
structure. 

It is not long since the only sponge of the structure 
and development of which we were accurately informoil 
was the SpongiU<x flnviatilis^ or fresh- water sponge, the 
subject of the elaborate researches of Lielwrkuhn and 
Carter. But, recently, a flood of light has been thrown 
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t, endoderm ; e, ectoderm ; ova. The triradiate spicula are seen 
imbedded in the ectoderm. 

11., A portion of the endoderm, with two pores (p) ; i, endodermal 

cells ; those round the margins of the pores have their cilia directed 
inwards ; e, ectodermal sync^lum ; ova ; sperm cells. * 

111., A monadiform endodermal cell. 

IV. , An endodermal cell, with retracted cilium, and having the charac* 
ters of an Amoeba. 

V. , The ciliated embrj o of Ascetta mirahiiis. 

VI. , The same embryo in optical longitudinal section; e, epiblast; 
h hypoblast ; e, blastoccele. 

upon tlie morphology and physiology of the marine sponges, 
particularly of those sponges with calcareous skeletons, 
which are termed Calcispongice, by Lieberkiihn, Oscar 
Schmidt, and especially Haeckel. It has become clear 
that Spongilla is a somewhat aberrant form, and that 
the fundamental type of Poriferal organisation is to be 
sought among the CalcispongicB. In the least complicated^ 
of the calcareous sponges, the body has the form of a cup, | 
and is attached by its closed extremity. The open extremity 
is the osculnm, and leads directly into the spacious ventri- 
cuius, or cavity of the cup. The comparatively thin wall of 
the cup is composed of two layers, readily distinguishable 
by their structure — the outer is the ectoderm, the inner 
the endoderm. The ectoderm is a transparent, slightly 
granular, gelatinous mass in w^hieh nuclei are scattered, 
but which, in the unaltered state, shows no traoe of the 
primitive distinctness of the cells which contain these 
nuclei, and is therefore termed by Haeckel a syncytium. 
It is elastic and contractile, and sometimes exhibits an 
approach to fibrillation. 

The endodenn, on the contrary, is composed of a layer 
of verjr distinct cells, each of which contains a nucleus and 
one or more contractile vacuoles, and is produced at its 
free extremity into a long solitary cilium or flagellum. 
Around the base of this, the transparent outer portion of 
the protoplasm of the cell is produced into an upstanding 
ridge like a collar, so that each cell has a wonderful 
resemblance to some forms of flagellate Infusoiia. Micro- 
scopic apertures — the pores — scattered over the outer sur- 
face of the cup, lead into short passages which perforate the 
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ectoderm and endoderm, and thus place the ventriculus 
in communication with the exterior. The working of the 
flagella of the endodermic cells causes the water contained 
‘In the gastric cavity to flow out of the osculum ; to make 
good this outflow, minute streams set in by the pores, 
which have consequently been called inhalent, while the 
osculum has been termed the exhcdent aperture. It is said, 
however, that the direction of these currents is not invari- 
able ; and it is certain that the pores are not constant, but 
that they may be tempoi*arily or permanently closed, and 
new ones formed in other positions. 

The skeleton of the calcareous sponges always consists 
of a multitude of separate spicula, composed of an animal 
substance, more or less strongly impregnated with carbonate 
of lime, which is deposited in concentric layers around a 
central axis, formed by the animal basis. This skeleton is 
developed exclusively in the ectoderm, and is not supported 
by any framework of fibrous animal matter. 

The calcareous sponges are frequently, if not always, 
hermaphrodite. The reproductive elements are ova and 
spermatozoa. There is some reason for assuming that the 
latter originate in metaraoiq)ho8ed cells of the endoderm, 
as they are found scattered between ordinary cells of 
the latter. The ova, on the other hand, occur sometimes 
between the cells of the endoderm, sometimes imbetlded in 
the syncytium itself. But the question of the origin of 
the sexual elements in these and other animals, needs much 
further investigation. The spermatozoa are very delicate 
and have minute rod-like heads, with long flagella. The 
ova present the normal germinal vesicle and spot, but 
exhibit active amoeboid movements. * 

Impregnation is effected, and the first stages of develop- 
ment take place, while the ova are still iml>edded in the 
body of the sponge. 

Metschnikoff* has recently descrilx^d the development 

♦ ** Zur Entwickelui^ - ge Zoologie,* Bd. xxiv.) F. E. Schulze, 
•chichte der Kalkschwamme.** so far as 1 follow U seekers ac- 
(* Zeitschr. fur WissenschaftLiche count of his recent observations 
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of Sycon ciliatum. The ovum, after impregnation, be- 
comes a morula, with a central cleavage cavity or blasto- 
code. But the blastomeres of the two halves of the morula 
on different characters — those of the one half elon« 
luting and acquiring ilagelliform cilia, while those of the 
opposite half remain globular and develope no cilia. The 
latter now coalesce into a syncytium, and develope spicula, 
while the layer of ciliated cells becomes invaginated within 
the syncytium. More usually, however, it appears that a^ 
gastrula is formed by invagination of the morula, the 
ectoderm of which has the structure of the endoderm of the 
adult, while the cells of the endoderm, or lining membrane 
of the gastric cavity, are devoid of cilia. The embryo quits 
the parent, propelled by the flagelliform cilia which cover 
the outer surface of the ectoderm. After a time, it fixes 
itself by the closed end ; the flagella of the cells of the ecto- 
derm are retracted, the cells themselves become flattened 
and coalesce so completely that their boundaries cease to 
be distinguishable, and the ectoderm passes into the con- 
dition of a syncytium. At the same time, the cells of the 
endoderm multiply, elongate, and take on the form which 
characterises them in the adult. In this state the young 
sponge is termed an Ascula. The transition to the final 
condition is effected by the development of the spicula in 
the syncytium and the separation of some of the con- 
stituent cells of the syncytium to form the inhalent pores. 

In the simplest Calcispangia\ forming the family to which 
Haeckel applies the name of Ancones, the wall of the ventri- 
culus is thin, and the pores open directly into the ventri- 
cular cavity ; but in another family, the Leuccmes, the 
sync^ium becomes greatly thickened, and the pores are 
consequently prolonged into canals (which may be iiunified 


(‘Die Gastrula und die Eifur- 
chungder Thiere,’ p. 158), afp'oes 
with Metschuikoff as to Uie first 
stages of development, but differs 
in regard to subsequent stages. 
Haeckel withdraws his earlier ac- 


count of the formation of the gas 
trula by delamination, or splitting 
of the walls of an oval shut p/o* 
nu/a-sac into two layers, and the 
subsequent opening of the planula 
at one end. 
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and anastomose), connecting the ventriculus with the ex- 
I terior. The endodermic cells, which in these, as in the 
lAscones, at first form a continuous layer, are eventually 
( i-estricted to the canals, or even to local dilatations of these 
\ canals — the so-called “ ciliated chambers.” 

The same relative disproportion of the ectoderm, with the 
consequent development of passages which traverse the mass 
of the sponge, and are provided at intervals with ciliated 
chambers, is found in the silicious sponges, in which the 
spicuia, if they possess any, are formed by a deposit of 
silex ; and in which, as a i*ule, the sponge corpuscles are 
supported by a more or less complete skeleton of a tough 
animal substance, termed keratose. 

Halisarca, however, is devoid both of skeleton and spicuia, 
and the minute structure of the curious boring sponges — 
the Clionce — ^has yet to be elucidated. 

HaUphysema and Gastrophysema, of Haeckel, appear to 
be sponges which get no further than the Gastrula con- 
dition, and thus form a connecting link between the 
Sponges and the Hydrozoa. 

The fresh -water sponge {Spongilla) has been studied with 
extreme care by Lieberkiihn, and the following account, 
based upon the investigations of that author, is given for 
the use of the student to whom Spongilla fluvialis is likely 
to be the most readily accessible of the sponges. 

The fresh-water sponge grows on the banks of docks, 
canals, rivers, and on floating timber, in the form of thick 
encrusting masses, which usually have a green colour, and 
require a constant supply of fresh water for their healthy 
maintenance. The surface presents irregular conical emi- 
nences perforated at their summit like small volcanic cihiters, 
and from these exhalent funnels, which answer to the oscula 
of the Calcispongice, currents of the water are continually 
flowing. Careful examination of the suriace of the Spongilla 
between the exhalent craters, shows that it is formed by a 
delicate membranous expansion, separating which from the 
deeper substance of the Spongilla are a number of iiTegular 
cavities. In some cases, these run into one great water- 
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chamber. The superficial chambers, or chamber, communi- 
cate with the exterior by pores, which perforate the mem- 
branous expansion, are similar to those in the outer surface 
of the ventricular wall of a simple calcareous sponge, an<l 
subserve the same inhalent function. On their inner face, 
or tloor, the superficial chambers exhibit the apertures of 
innumerable canals, which traverse the deep substance of 
the Spongilla in all directions, and, sooner or later, unite 
into passages which lead directly into the cavities of the 
exhalent craters. Dilatations of the canals occur at in- 
tervals, and are lined by the characteristic monadiform 
endodermic cells, which are restricted to the walls of these 
ciliated chambers. It is by the working of the cilia of these 
cells that curi’ents of water are made continually to enter 
by the inhalent pores and to pass out by the exhalent 
craters. The whole fabric is supported and strengthened 
by a skeleton, which consists, in the first place, of bands 
and filaments of keratose, and, secondly, of silicious spi- 
cula, the majority of which resemble needles pointed at 
each end, and contain a fine central canal filled with an 
unsilicified substance. The individuality of these animals 
is so little marked that two Spongillce, when brought into 
contact, before long fuse into one; while they may divide 
spontaneously, or be separated artificially into different 
portions, each of which will maintain an independent 
existence. 

A process analogous to the formation of cysts, which 
is so common among the Protozoa, takes place in the 
deeper substance of the body, especially in the autumn. 
A number of adjacent sponge corpuscles, losing their 
granlilar appearance, become filled with clear strongly 
refracting granules, .the nucleus ceasing to be visible. The 
sponge corpuscles which surround these become closely 
applied together, and secrete coats of keratose, which fiise 
with those of the adjacent corpuscles. In the interior of 
each a singular silicious spiculum is formed, consisting of 
two toothed disks, like cogged wheels, united by an axis. 
As this “ amphidiscm ” enlarges, the protoplasm of the cor- 
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puscle disappears, and at length nothing is left but the 
envelope of keratose, with the imbedded amphidisks, dis- 
posed perpendicularly to its surface. At one point of the 
^heroidal envelope, a small opening is left, and the so- 
called “seed” of the Spongilla is complete. It remains 
throughout the winter unchanged ; but, with the return of 
warmth, the sponge corpuscles enclosed within the coat 
of the “ seed,” or more properly cyst, slowly escape through 
the pore, become perforated by inhalent and exhalent 
apertures and canals, and develope the characteristic spicula 
of a young Spongilla. 

This process of encystment, which may be regarded as 
a kind of budding, akin to propagation by bulbs among 
plants, has not been observed among manne sponges. 

Sexual propagation takes place in the same way as in 
the Cal^dspongice, and the embryo passes through morula 
and planula stages. But the ciliated cells which form the 
outer wall of the latter, and constitute its locomotive 
apparatus, seem to vanish when the embryo fixes itself, and 
the body of the young Fihrospongia appears to be developed 
out of the inner cells, which, in the meanwhile, have become 
spiculigerous. However, the details of the mode of develop- 
ment of the Fibrospongice require further elucidation. 

In both the marine and the fresh -water sponges the 
ingestion of solid matters — such as carmine and indigo — 
by the monadiform endodermic cells has been seen by 
several observers. According to Haeckel, the solid par- 
ticles, which usually are taken in between the flagellum and 
the collar, may also be ingested at other parts of the surface 
of the endodermic cell. In the course of such experiments, 
also, granules of the pigment may be found in the ectodenii, 
but whether they enter it directly, or secondarily from the 
endoderm is unknown. Sponges absorb oxygen, and give 
off carbonic acid with great rapidity ; and the manner in 
which they render the water in which they live impure, 
and injurious to other organisms, suggests the elimination 
of nitrogenous waste matter. 

The syncytium may contract as a whole, and is liable 
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,0 local contractions, as wben the oscula or the pores shut 
)r open. The contours of the cells of which it is composed 
ire invisible in the fresh state, and hence it appears as 
1 mere “oarcode” or transparent gelatinous contractile* 
substance, in which nuclei and granules are imbedded here 
and there. But Lieberkiihn has shown that, when the 
prater in which Spongilla lives is heated to the point at 
which thermic coagulation of the protoplasm of the cells 
occurs, their boundaries at once become defined, and the 
cells commonly detach themselves from one another. The 
syncytium is therefore formed by the close union, and not 
by the actual fusion, of the cells of the body. 

It is a very interesting fact that thread-cells, similar to 
those which are so abundant in the Ccelenterata, are said to 
occur in some sponges. Eimer * finds these structures in 
species of the Benierinoe. The thread-cells are scattered 
through both endoderm and ectoderm, and abound on the 
free surface of the former, where it limits the canals ot 
the sponge, but do not occur on the outer surface of the 
ectoderm. The same obseiwer states that he found partly 
digested remains of small crustaceans in the ventricular 
cavities and passages of both silicious and calcareous 
sponges. 

The Porifera present three principal modifications — 
j the MyxospongicB, the Calc ispang ice, and the Fibrospcyngicct 
— the Myxospongice being altogether devoid of skeleton ; 
the Calcispongice possessing calcareous spicula, but no 
fibrous keratose skeleton; and the Fibrofpoiigice having 
a fibrous skeleton; and (usually) spicula of a silici^nis 
nature. To these it is probable that the ClionidcB must be 
added, as a fourth type, devoid of a fibrous skeleton, but 
possessing silicioiis spicula of a very peculiar kind, by the 
help of which they are able to burrow pamsitically in the 
shells of mollusks. Finally, Haliphysmin and Gastrophysona 
appear to be even simpler than the Myxospongice. 

The division of the MyxoBpongim contains only the gela- 

* “ Vessel zellen und Saamen bei See-Schwammen.” (‘ Archiv fiir 
Mikroskropische Anatomie,’ viil., 1872.) 
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tinous Halisarca, The CalcispongicB, in addition to the two 
families of Aacones and Leucones, already referred to, 
include a third — the Sycones, which are essentially com- 
iposite Ascones. The FibrospongicB present a great diversity 
of form and structure. They may have the form of flattened 
or globular masses, arborescent tree-like growths, flagellate 
expansions, or wide or deep cups. The sponge of commerce 
derives its value from the fact that its richly developed 
fibrous skeleton is devoid of spicula. On the other hand, 
in such sponges as Hyalonema and En^lectella, the silicious 
spicula attain a marvellous development and complexity of 
arrangement. In the latter genus, they form a fibrous net- 
work with regular polygonal meshes. These appeal* to be 
the representatives of the Ventriculitea^ which were so 
common in the seas of the Cretaceous epoch. 

See page 121. 

Fig. 12. —A, Hypothetical section of aSpongilla: a, superfirial layer; 
6, inhalent apertures ; c, ciliated chambers ; rf, an exhalent aperture ; 
e, deeper substance of the sponge. The arrows indicate the tlirection 
of the currents. B, a small Spongiila with a single exhalent aper- 
ture, seen from above (after Lieberkiihn) t a, inhalent apertures; 
c, ciliated chambers ; of, exhalent aperture. C, a ciliated chamber. 
D, a free-swimming ciliated embryo. 

Sponges abound in the waters of all seas, but Spongiila 
is the sole fresh-water form. Clio^iidce existed in the 
Silurian epoch, but the most plentiful remains of sponges 
have been yielded by the chalk. 

The CcELENTEEATA. — This group of the Metazoa con- 
tains those animals which are commonly known as Polyi)es, 
Jelly-fishes, or Medmce, Sea anemones, and Corals. ^They 
exhibit two well-marked series of modifications, termed 
the Hydrozoa and the Actinozoa, 

The Hydeozoa. — The fundamental element in the 
structure of this group is the Hydranth^ or Polypiie. This 
is essentially a sac having at one end an ingestive or oral 
opening, which leads into a digestive cavity. The wall of 
the sac is composed of two cellular membranes, the outer 
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of winch is termed the ectoderm^ and the inner the endodewif 
the former having the morphological value of the epidermis 

Fig. 13. 


Q 




Fig. 13. — Diagrams illustrative of the mutual relations of the Hydro- 
zoa : — 

1. Hjdra. 2. Sertularian. 3. Calycophoridan. 4. Physophoridau. 
5. Lucemarian. 

a. Ectoderm, h, Endoderm. e. The digestive and somatic cavity. 

P. Tentacles. N. Nectocalyx, T. Coenosarc. B. Hydrophyllium. 
C. Hydrotheca. 8. Hydranth. G. Gonophore. A. Air Vesicle 
contained in F. Pneuniatophore. c. Digestive and somatic cavity. 
L, II., III., IV., represent the successive stages of development of a 
Medusiform gonophore. 
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of the higher animals, and the latter that of the epithelium 
of the alimentary canal.* Between these two layei-s, a 


* “The body of every Hydro- 
zoon is essentially a sac composed 
of two membranes, an external and 
an internal, which have been con- 
veniently denominated by the 
terms ectodmn and endotJerm, The 
cavity of the sac, which will be 
called the somutic cavity^ contains 
a fluid, charged with nutiitive 
matter in solution, an<l some- 
times, if not always, with sus- 
pended solid particles, which per- 
form the functions of the blood 
in animals of higher organisation, 
and may be termed the somatic 
fiuid. . . . Notwithstanding the 
extreme variety of form exhibited 
by tlie Hydrozoa, and the multi- 
plicity and complexity of the 
organs which some of them 
possess, tliey never lose the traces 
of this primitive simplicity of or- 
ganisation; and it is but rarely 
that it is even disguised to any 
considerable extent. . . . This 
important and obvious struc- 
tural peculiarity coukl hardly es- 
cape notice, and I find it to have 
been observed by Trembley. 
Baker and Laurent, Corda and 
Ecker in Hydm ; by Rathke, in 
Coryne ; by Prey and Leuckart, in 
Lucemaria ; and it is given as a 
character of the hydroid polypes 
in general (Hydrtt^ Corynid<t^ and 
Sertuluridcky, in the second edition 
of Cuvier’s * Lemons.’ I point^ni it 
out as the general law ot structure 
of the hydroid polypes, Diphydte 
and l^hyaaphorida, in a j>aper* 
sent to the Llnncan Society, from 
Australia, in 184T, but not read 
before that body till January, 
1849 ; and I extended the general- 
isation to the whole of the //y- 
drozoa^ in a * Memoir on the 


Anatomy and Affinities of the 
McdnscB^' read before the Roya> 
Society in June 1849. 

** Professor Allman, in his valu- 
able memoir ‘On Cordylophora ’ 
(Phil. Trans. 1855), has adopted 
and confirmed this morphological 
law, introducing the convenient 
terms ‘ectod'^rm’ and ‘endo- 
derm,* to denote the inner and 
outer membranes, and Gegenbaur 
(‘ Beit rage zur naheren Kennt- 
niss der Schwimmpolypen,’ 1854, 
p. 42) has partially noticed its 
exemplification in Apolemia and 
lihizophyt^a; but it seems singu- 
larly enough to have failed to 
attract the attention of other 
excellent German observers, to 
whose late important investiga- 
tions I shall so often have occa- 
sion to advert. The peculiarity 
in the structure of the uody walls 
of the Hydrozoa to which I have 
just referred, possesses a singular 
interest in its bearing upon the 
truth (for, with due limitation, it 
is a preat truth) that there is a 
certain similarity between the 
adult states of the lower animals, 
and the embryonic conditions of 
those of higher organisation. 

“ For it is well known that, in a 
very early state, the germ, even of 
the highest animals, is a more or 
less complete sac, whose thin wall 
is divisible into two membranes, 
an inner and an outer ; the latter 
turned tow’ards the external 
world; the former, in relation 
with the nutritive liquid, the 
velk. Tl e inner layer, as Keniak 
has more particularly shown, un- 
dergoes but little histological 
change, and throughout life re- 
mains more particularly devoted 


^ ‘ Observations upon the Anatomy of phorWap.’ An abatract of this essay 
the Ihphyda*, and Uio Unity ot Organ- was published In the ‘Proceedings of 
lautlou of the Dipbydu and Pbyao- the Linnean Society ' for is-is. 
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third layer — the mesoderm , — which represents the structures 
which lie between the epidermis ajid the epithelium in 
more complex animals, may be developed, and sometimes 
<a.ttains a great thickness, but it is a secondaiy and, in the 
lower Hydrozoa, inconspicuous production. 

All the HydA'ozoa are provided with terdacula. These are 
elongated and sometimes filiform organs of prehension, 
which are generally diverticula of both ectoderm and endo- 
jderm, but may be outgrowths of only one of them. 

Thread-cells, or nematocysts, ai*e very generally distributed 
through the tissues of the Coelenteruta. In its most 
perfect form, a nematocyst is an elastic, thick- walled sac, 
coiled up in the interior of which is a long filament, often 
seiTated or provided with spines. The filament is hollow. 


to the functions of alimentation, 
while the outer gives rise, by 
manifold differentiations of its 
tissue, to those complex stnxetures 
which we know as integument, 
bones, muscles, nerves, and sen- 
sory apparatus, and nliich espe- 
cially subserve the functions of 
relation. At the same time, the 
various organs are produced by 
a process of budding from one 
or other, or both, of these primary 
layers of the germ, 

“ Just so in the Hydrozoon : the 
ectoderm gives rise to the hani 
tegumentary tissues, to the more 
important masses of muscular 
fibres, and to those organs which 
we have every reason to believe 
are sensorj’, while the endoderm 
undergoes but very little modifi- 
cation. And every organ of a 
Hydrozoon is produced by bud- 
ding from one, or other, or l>oth 
of these primitive membranes ; 
the ordinary case being that the 
new part commences its existence 
as a papillary process of both 
membranes, including, of course, 
a diverticulum of tiie somatic 
cavity. 


“Thus there is a very real and 
genuine analogy between the 
adult Hydrozoon and the embryo- 
nic vertebrate animal ; but 1 need 
hardly say it by no means justi- 
fies the assumption that the 
Hydrozoa are in any sense ‘ar- 
rested developments ’ of higher 
organisms. All tliac can justly 
be affirmed is, that the Hydrozoon 
travels for a certain distance 
along the same great higiiway of 
development as the higher animal, 
before it turns off to lollow’ the 
road which leads to its special 
destination.” 

In this passage of my work on 
the ‘Oceanic Hydrozoa,’ (IH.'i'h) 
1 expanded the idea enunciated in 
the Memoir on the Medus^ here 
referred to, that, “ the outer and 
inner membranes appear to bear 
the same physiological relation 
to one another as do the serous 
and mucous layers of the germ.” 
The diagram (Fig. 13), exhibit- 
ing the relations of the different 
groups of the Hydrozo^ was pub- 
lished in the ‘ Medical Times and 
Gazette ’ in June, 1856. 
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and is continuous with the wall of the sac at its thicker or 
basal end, while its other, pointed, end is free. Yery slight 
pressure causes the thread to be swiftly protruded, appar- 
ently by a process of evagination, and the nematocyst now* 
appears as an empty sac, to one end of which a long fila- 


Fig. 14. 



Fig. 14.~Sacculu8 of a tentacle with nemotocysts of Athoryhia, A. 
peduncle or stalk, and B, involucrum of the sacculus C ; D. fila- 
menta; ectoderm; e, cndoderm;/, nematocysts; 1, small nema- 
tocysts of the filaments and involucrum ; 2, 3, larger nematocysts of 
the sac ; 4, largest nematocysts. 

mont, often provided with two or three spines near its base, 
is attached. Many of the Ccelentemta, and notably the 
Phymlia^ give rise to violent urtication when their tentiioles 
com^ in contact with the human skin, whence it may be 
concluded that the nematocysts produce a like injurious 
effect upon the bodies of those luiimals which are seized 
and swallowed by the Polypes and Jelly-fishes. 

As regards the existence of a nervous system in the 
Hydrozoat very diverse opinions have been entertained, and 
it may be doubted if the problem has even yet received 
its final solution. I have ^ready discussed Kleinenberg's 
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suggestion, that the branched prolongations of the inner 
ends of the cells of the ectodenn in Hydra, which end in 
the longitudinal fibres which lie between the ectoderm and 
«bhe endoderm may be nerves in their earliest stage of 
dilFerentiation. Haeckel describes a neiwous system in 
Glossocodon and Carmarina. It consists of a circular band 
which lies on the inner side of the circular canal of the 
bell-shaped swimming organ of these Medusce, and presents 
a ganglionic enlargement at the base of each of the litho- 
cysts. Of these eight ganglia, the four which con’espond 
to the openings of the four radial canals into the circular 
canal, are the larger. Each of these gives off four branches, 
one of which follows the course of the radial canal to the 
central polypite or manubrium ; two others go to the 
adjacent tentacles, and the last to the lithocyst.* 

I There can be little doubt that the lithocysts, or sacs con- 
! taining mineral paj'ticles, which are so frequently found in 
!the Medusa?, are of the nature of auditory organs; while 
jthe masses of pigment, with imbedded refracting bodies, 

1 which often occur associated with the lithocysts, ai’e doubt- 
less rudimentary eyes. 

The sexual reproductive elements are ova and spermatozoa 
— the ova being very often devoid of a vitelline membrane. 
The fully formed generative elements lie between the ecto- 
derm and the endoderm of that part of the body wall in 
which they make their appearance. In Hydractinia, as 
has already been pointed out, the ova appear to be modified 
cells of the endoderm, and the spermatozoa modified cells 
of the ectoderm ; but it remains to be seen how far this 
rule is of general application. 

Usually, the region of the body in which the genet ative 
organs are produced undergoes a special modification 
before the reproductive elements make their appearance 
in it, giving rise to a peculiar organ, the gonophore. In its 

♦Haeckel, * Beitrage zur im[>ortBnt obaervations of Mr. 

Naturgeachictite der Hydrome- lioroanes on the Locomotor 

dusen.* The anatomical disposi- system of Medusae. (Proceedings 

tion of this nervous apparatus of the Royal Society, December 

ac-cords very well with the recent 1875.) 
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simplest condition the gonophore is a mere sac-like diver- 
ticulum, or outward process of the body wall. But, from 
this state, the gonophore presents every degree of complica- 
tion, until it acquires the form of a beU-shaped body, called 
from its resemblance to a Medusa or jelly-fish, a medusoid* 

In its most complete form, the medusoid consists of a 
disk having ihe form of a shallow or deep cup {nectocalyx), 
from the centre of the concavity of which projects a sac 
termed the manubrium. The cavity of the sac is continued 
into that of sundry symmetrically disposed canals, most 
comraonly four in number, which radiate from the centre 
of the disk to its circumference, where they open into a 
circular marginal canal. A membranous fold, the velum ^ 
which contains muscular fibres aiTanged concentrically to 
its free margin, is attached to the inner circumference of 
the mouth of the bell, and projects, like a shelf, into its 
interior. Lithocysts are usually developed on the margins 
of the bell, which may also give rise to tentacles. The 
manubrium, opening at its free end, may become function- 
ally, as well as structurally, a hydranth, and may serve 
to feed the medusoid when it is detached from the Jujdro- 
soma, or body of the bydrozoon. However complex its 
structure may be, the medusoid commences as a simple 
bud-like outgrowth, which thickens at its free end; tlie 
central part of this thickening becomes the manubrium, 
while its periphery, splitting away from the manubrium, is 
converted into the disk (Fig. 13b A single prolongation of 
the somatic cavity is continued into the manubrium, while 
several, usually four, symmetrically arranged diverticula 
extend into the nectocalyx and become its radiating canals. 
The ^stal ends of these subsequently throw out lateral 
branches, which xinite and give rise to the circular canal. 

The lithocysts are usually, but not always, free and 


* From the imperfection of our 
knowledge respecting the origin 
of many of the medusiforra 
Hydrozoa^ It is difficult to employ 
any terminology witlj strict con- 
ftistency. If ‘‘medusoid” is re- 


stricted to what are known fo be 
gonophores develoi>ed by gemma 
tion, “medusa may be employed, 
in a general sense, as the equiva- 
lent of tlie somewhat inconvenient 
vernacular term “jelly-fish.” 
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prominent, and the one or many solid mineral bodies which 
they contain are enclosed in special envelopes. Their 
structure appears to be more complicated in the Oeryonidce 
fhan in other Medusss. (Haeckel, I, c.) 

In some of these medusoid gonophores, the reproductive 
elements are developed while the gonophore is still attached 
to the hydrosoma, and then they always make their appear- 
ance in the wall of the manubrium. But, in other cases, 
the medusoid becomes detached before the development of 
the reproductive elements, and, feeding itself, increases 
largely in size before the ova or spermatozoa appear. 
Sooner or latter, however, the reproductive organs arc 
developed, either in the walls of the manubrial hydranth, 
or in those of the canals of the nectocalyx of the medusoid. 

In an early stage of its existence, every hydrozo^)n is 
represented by a single hydranth, but. in the great majority 
of the Hydrozoa, new hydranths are developed from that 
first formed, by a process of gemmation or of fission. In 
the former case the bud is almost always an outgrowth 
or diverticulum of the ectodei*m and endoderm, into which 
a prolongation of the cavity of the body extends. Some- 
times the hydranth formed by gemmation becomes de- 
tached from the body; but, in many cases, the buds 
developed from the primary hydranth remain connected 
together by a common stem or ccenosarc, and thus give rise 
to a compound body, or hydrosoma. 

In many Hydrozoa, the ectoderm gives rise to a hard 
cuticular coating, and in some of these {Carpjpanularida\ 
Sertidaridce, Fig. 13, 2), this cuticular investment, on the 
hydranth, takes the shape of a case or cell ” — the hyd/rotheca 
— into which the hydranth may be more or less compfetely 
retracted. In other Hydrozoa^ protective coverings are 
afforded to the hydranths by the development of processes 
of the body wall, which become thick, variously-shaped 
glassy lamell©. These appendages are termed hydrophyllu 
(Fig. 13, 3). 

Again, certain groups (the Calycophorida and mos 
PhyBophoridw) are provided with beU-shaped organs o 
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jroptilsion, produced by the metamorphosis of lateral buds 
)f the hyd/ro8oma. These Tvectoccuyces have the structure 
3 f a medusoid, devoid of a manubrium. In others (Physo- 
phorid(B)y one extremity of the hydrosoma is dilated, con- 
tains air enclosed within a sac formed by an involution of 
the ectoderm, and constitutes a float or pneurriatophore ; 
while in yet others {Discophora)^ the aboral end of the 
hydranth is dilated into a disk or wmhrellay which is sus- 
ceptible of rhythmical contractile movements, by which 
the body is propelled through the water. Thus, notwith- 
standing its different mode of development, it has a close 
resemblance to a medusoid. According to the existence 
or absence of these various appendages, and the manner 
in which they are disposed, the Hydrozoa are distinguish- 
able into three groups — 1, the Hydrophora; 2, the Disco- 
phora ; 3, the Siphonophora. 

1. The Hydeophora are, in aU cases but that of Hydra^ 
fixed ramified hydrosomes, on which many hydranths and 
gonophores are developed. The somatic cavity contained 
in the hydrosoma always retains a free communication 
with the gastric cavities of the hydranths. In other words, 
it is an enterocoele. The tentacula are either scattei*ed over 
the hydranths [Coryne)j or are arranged in one circle round 
the mouth (Sertularia) ; or in two circles, one close to the 
mouth, and one near the aboral end [Tubularia). Very 
generally — e.g.y in all Sertidaridce, CampanularidcB, and 
TuhuUiridcB — there is a hard, chitinous, cuticular skeleton, 
iperisarc of Allman,) which frequently gives rise to hydro- 
thecse, into which the hydranths can be retracted (Fig. 13, 2 ). 

Tlfle gonophores present every variety, from simple 
saccular diverticula of the hydrosoma to free swimming 
medusoids. The inner margin of the bell in these m^du- 
soids is always produceil into a velum, and otolithic wics 
and eye-spots are very generally disposed at regular m- 
tervals around the circumference of the bell. The great 
majority of what were formerly termed the naked-eytHl 
Medusai {Gymnopkihalmaia) are merely the free-swimming 
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gonophores of the Hydrophora, Thus the medusoids known 
as SarsiadcB are the free gonophores of the Corynidce ; the 
BougainvillecB and Lizzies of the Eudendridee ; many 
jOeeanidoe proceed from Tvhula/ridcs ; Thaurtiantidce and 
JEquoridcs from Campanularidce, 

In some Hydrophora {e.g.y Calycella) the margins of the 


Fig. 15. 



Fig. ]5.^CampanuIaria (after Gegenbaur).— A, Tlydranth; e, jts 
peduncle •, c', nydrotheca ; o, moutli ; fc, tentacles ; k\ digestive cavity, 
continuous with the somatic cavity A, contained in the petiuncle and 
in the creeping stem, S. B, gonangium containing two medusiform 
zooids or gonophores w ; the somatic cavity A" is in connection with 
that of the creeping stem, C, Bud. 

hydrotheca are prolonged into triangular processes, which 
serve as an operculum. 

Certain PlwfrmlaHdce are provided with prominences of 
the hydrosoma surrounded by a chitinous investment, 
which is open at the extremity. The enclosed soft ectoderm 
usually contains many thread-cells, and has the power of 
throwing out contractile pseudopodial processes. These 
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have been termed nematophoree by Mr. Busk.* In Ophiodes 
Hincks) they are tentaculiform. 

It frequently happens that the gonophores are developed 
upon special stalks, each of which has essentially tlfe 
structure of a mouthless hydranth. This is termed a 
blastostyle. In some blastostyles (Fig. 15), during the de- 
velopment of the buds of the gonophores, the ectoderm 
splits into two layers — an inner, which 
invests the central axis formed by the 
endoderm with the contained prolon- 
gation of the somatic cavity; and an 
outer, chiefly, if not wholly, chitinous 
layer. Into the interspace between these 
two, the budding gonophores project, 
and may emerge from the summit of 
the gonnngium, thus formed, either to 
develope the reproductive elements, and 
shed them while still attached, or to be 
set at liberty as free medusoids (Fig. 16). 

Allman f has sho^vn that, in Dicoryne 
conferta, the gonophore contained in a 
gonangium, somewhat like that of Lao- 
TTiedea, is set free as a ciliated bitenta- 
culate body, on the centi*al axis of 
which the ova and spermatozoa are de- 
veloped. 

In the genus Aghu>phenia (PJumii- 
laridoi), groups of gonangia are enclosed 
in a common receptacle [corbula, Allman^ formed by the 
development and union of lateral processes (comparable in 
somS respects to the hydrophyUia of the Calyrophoridce) 



Fig. 16. — Medusiforni 
zooid of Camptmu- 
laria (after Gegen- 
baur). A, nectc- 
cal> X ; te, tentacles : 
a, lithocysts ; A\ 
velum ; k\ manu- 
brium, enclosing tlie 
digestive cavity ; o, 
mouth; k'\ r^ial 
canals. 


* They are described under the 
name of ‘‘ clavate organs,’" and 
compared with the toniacies of 
Diphydie in my Memoir on the 
Affinities of the Medusae.” (Phil. 
Trans. I8t9.) 

t ‘Mon^raph of the (Jymno- 
blastic, or Tubularian lly droids,’ 


1871, p. 31. In this beautifully 
illustrated and elaborate work, 
the student will find, not uply a 
full account of tlie organisation 
of the group of which it treats, but 
much information reapecting the 
Hydrozoa in general. 

K 2 
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from that region of the hydrosoma, which bears the gono- 
phores. 

Some medusoids, such as 8ar»ia prolifera and WUleia, the 
U^droid stages of which are not at present certainly known, 
but which are probably coryniform, produce medusoids 
similai* to themselves by budding. The buds may be de- 
veloped either from the manubrium, or from the marginal 
canal of the nectocalyx, or from the bases of the tentacula, 
or even from their whole length. 


Fig. 17. 



Fig. 17. — Wilhia^ 9p . — A, the medusa, with budding stolons. B, one 
of the buds developed on a erolon ; A, radial canal of the necto- 
calyx ; e, manubrium. C, a stolon : its free end beset with nema- 
tocysts ; />, c, r/, budding medusoids ; /, medusoid nearly ready to 
be detached; e, its manubrium ; d, its nectocalyx ; /i, a radial ^nal. 

In August, 1849, while in the North Pacific, olf the 
Looisiade Archipelago, I took a species of Wilhia (Fig. 17), 
in which stolons were developed at the bifurcation of each of 
the four principal radiating canals of the nectocalyx. Each 
stolon was terminated by a knobbed extremity containing 
many nematocysts fC, ^), and gave rise, on one side, to a 
series of bnds, of which those nearest the free end of the 
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stolon had acquired the form of complete medusoids. They 
had four unbranched radiating canals and four tentacles ; 
but it is probable that they would assume the form of the 
parent stock after detachment. • 

In stiiking contrast with the complexity of these repro- , 
ductive processes, the gonophore is represented, in Kyd/ra, 
by a mere enlargement of the body wall, situated close to 
the bases of the tentacula, in the case of the testes, and 
nearer the attached end of the body in that of the ovary. 
The ovary developes a single ovum, which, as Kleinenberg 
has shown, undergoes division and invests itself with a 
chitinous coat while still attached to the body of the parent. 
This chitinous investment is more or less spinose, and is 
often confounded with an egg-shell. It obviously answers 
to the perisarc of a Tubularian, and its presence in the em- 
l)ryo of the Hydra, in which no perisarc is developed by the 
adult, suggests that Hydra may not represent the simplest 
primaiy condition of a Hydrophoran, but may be a reduced 
modification of a Tubularian. 

2. The Discophora. — These “Medusae” resemble the 
more perfect free me'dusoid gonophores of the Hydrophora, 
in so far as they consist of a hydranth or polypite attached 
to the centre of a gelatinous contractile swimming disk. 
But they differ from the medusoids of the Hydrophora, 
inasmuch as they are developed either directly from the im- 
pregnated ovum ; or by gemmation from a Medusa which 
arises in this way ; or by the transverse fission of the hydri- 
form product of the development of the impregnated o\uim. 

In some of these {e.g,, Cannarina, Polyxenia, JEginopds, 
Tr^Jiytieina), the disk is similar to the nectocalyx of one of 
the medusoids of the Hydrophara ; and, like it. is provided 
with a velum. But in the rest {Lucerimria and the Steganaph- 
thahnaia) the disk is either devoid of a velum, or jx^ssesses 
only a rudiment of that structure, and is termed an tiw- 
hrella. The edges of the umbrella are divided into lobes 
by marginal notches in which the lithocysts are lodged. 
Moreover in these, the mineral pai'ticles of the lithocysts 
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are numerous, and not enclosed in separate sacs. The 
lithocysts are often covered by hood-like processes of the 
umbrella, whence they have been tei-med “ covered-eyed ” or 
Bteganop hthalmata, 

I/iMiernaria is fixed by the aboral side of its umbrella 
(Fig. 13, 5), by means of a longer or shoHer peduncle. The 
umbrella is ^vided into eight lobes, at the extremities of 
each of which there is a group of short tentacles. The 


Fig. 18. 



Fig. 18. — I. Aurelia aurita, — L, the prolonged angles of the mouth ; 

G, genital chambers ; m, lithocysts. 

II. Under view of a segment of the disk, to show the arrangement of 
the radiating canals ; the aperture of a genital chamber and the 
plaited genital membrane showing through its ventral wall ; and a 
iithocyst with its protective hood (wi). 

hydranth stands up in the centre of the umbrella, and its 
cavity communicates with a central chamber, whence £our 
wide chambers pass into the lobes. These chambers arc 
separated by septa, the free central edges of which are 
beset with slender tentacles. The reproductive organs are 
double radiating series of thickenings of the oral wall of 
each chamber.* 

♦ The relations of hucemaria in my lectures, ‘Medical Times and 
with the Dvtcophora^ were shown Gazette,’ 1856. Kefeistein, * Un- 
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All the other JDiecophoraf which are what are commonly 
known as Jelly-fish,” are free, and some attain a very large i 
size. In the adult (Fig. 18) the umbrella is thick and ^vided ! 
by small marginal notches into as many (usually eighf) 
lobes. At the bottom of each notch, often protected by' 
special lobules, is an oval lithocyst, supported by a cylin- 
drical peduncle, the cavity of which is in direct communi- 
cation with one of the radiating canals of the umbrella 
(Fig. 28, IV.). This canal communicates with the exterior 
on the aboral side of the base of the peduncle.* The thick 
mesoderm of which the great mass of the umbrella con- 
sists is composed of a gelatinous connective tissue, in the 
meshes of which is a watery fluid, containing numerous 
nucleated cells which exhibit amoeboid movements. On 
the oral face there is a broad zone of striped muscle, made 
up of fusiform fibres placed side by side. In Aurelia 
aurita, the angles of the four-sided hydranth are produced 
into long foliaceous lips, the margins of which are beset 
with minute solid tentacula (Fig. 18). The gastric cavity 
contained in the hydranth terminates, beneath the centre of 
the umbrella, in a somatic cavity which passes into foiu' 
radially- disposed wide offshoots, or genital sinuses, the oral 
walls of which constitute the roof of the genital chambers 
(Fig. 18, II.). From their margins the narrow branching 
radial canals are given off. The peripheral ends of these 
unite when they reach the margin. 

Each genital chamljer is a recess, surrounded by a thick 
wall of the oral face of the umbrella, in the centre of 


tersuchungen uber nicdere See- 
thiere* (lSi2), in his monograph 
on the genus, fully confirms this 
view, and Prof. H. J. Clark 
arrived independently at the same 
conclusion : jLucernaria the Ctt*- 
notype of Uio Acalcphta'* (Pro- 
ceedings of the Boston Society 
of Natural History, 1862). The 
Lucemaria ( Carduella , A 1 1 man ) 
cyMiformis of Sars differs much 
from the ordinary LucernaruB^ 


especially in the position of the 
genital organs as longitudinal 
thickenings in the walls of the 
gastric cavity. See .Allman, “ On 
the Structure of Cardttelht cyathi- 
Jormis (Trans. Microscop, So- 
ciety, viii.) 

* The circular canal of the 
nectocalyx communicates witli 
the exterior by apertures on the 
summits of papillose elevations m 
some medusoios. 
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wliich only a small aperture is left (Fig. 18, 1, o). The roof 
of this cavity is the floor of the genital sinus; it is much 
plaited and folded, and the genital elements are developed 
♦n it. Its inner or endodermal wall is beset with small ten- 
tacular fllaments (Fig. 28, III.). The ova or the spermatozoa 


Fi;?. 19. 




.A 




> ® • • • 



Fig. 19. — Cephea ocellata (?). — The entire animal : a, the umbrella ; 6, 
the ramifications of the brachia; c, the tentacles which terminate 
them ; o, the pillars which suspend the brachiferous disk which 
forms die floor of the sub-umbrellar cavity ; /, short clavate ten- 
tacles between the oral pores. 

pass out of the apertures of the genital chambers, and the 
ova are received into small pouches or folds of the lips, 
and there undergo the preliminary stages of their develop- 
ment. 

In the Ehizostomidce (as was originally suggested by Von 
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Baer and has been proved by L. Agassiz and A. Brandt,*) 
the margins of the lips of the hydranth unite, leaving only 
a multitude of small apertures for the ingestion of food on 
the long arms, which represent prolongations of the Ups ftf 
the hydranth (Figs. 19, 20, 21). The polystomatous con- 
dition thus brought about, by the subdivision of a primi- 
tively simple oral cavity, is obviously quite different in its 
nature from that which occurs in the Porifera. 



Fif?. 20.— Cephea ocfUata (?).— A, part of the umbrella, viewed from 
below, to show the plaited genital membrane (f) and the divided 
attachment of one ot the pillars ; </, place of one of the lithocysts. 
13, one of the oral pores (m) surrounded by tentacula (n) ; < 7 , one 
of the clavate tentacles interspersed between the oral pores. C, one 
of the pedunculated lithocysts ( 1 ) in its notch (</) seen from ImjIow, 
witji the oval plate from which muscular fibres (/t)take their origin ; 
e, me radiating canal with its ceecal lateral branches, g. 

In most of the Rliizostomidce^ not only do the edges of the 
lips unite, but the opposite walls of the hydranth beneath 
the umbrella are, as it were, pushed in, so as to form four 
chambers, the walls of which unite, become perforated, aiui 
thus give rise to a sub-umbrellar cavity with a roof formed 

• ‘ Mem. de 1’ Acad, de St. Pe'tersbourg,’ xvi., 1870. 




Fig. 21. — Cephea oceUaia (?). — A, lithocyst enlarged with its hood (k) 
and the aboral pore of the canal (c) ; the notch of the margin of 
the umbrella. B, the brachiferous disk with the origins of the arms ; 
/, endoderm ; o, ectoderm. C, tentaculate lip of an oral pore en- 
larged ; m, oral cavity ; m, nematocysts, 

by four pillars. In the roof the plaited genital membranes 
are developed. The floor (Fig. 21, b) gives ofif the subdivided 


Fig. 22. — A, D/pkyes appendtcuJata.—a, hydranths and hydrtmhyllm 
on the hydrosoma; proximal nectocalyx; c, nurture of distal 
nectocalyx ; d^ somatocyst ; c, prolongation of the distal nectocalyx, 
by which St is attached to the hydrosoma ; J\ point of attachment of 
the hydrosoma in the cavity, or hydro?cium, of the proximal necto- 
calyx. B, the distal nectocalyx with the canal (through which the 
bristle a is passed), which is traversed by the hydrosoma in A. C, 
extremity of the distal nectocalyx, with its muscular velum. 

arms, the free margins of which bear the oral pores, and 
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whicb are traversed by canals which unite, passthrough the 
pillars, and open into the central cavity of the umbrella.* 


Fig. 23. 



Fig, 23.— A, B, Diphyzooid (Sphenoules)^ lateral and front views. C, 
Diphyzooid of Abyla {Ct^ndes). «, e, gonophore or reproductive 
organ ; 6, hydranih ; c, phyllocyst or cavity of hydrophylliuro, with 
its process (rf). D, free gonophore, its manubrium (a) containing 
ova. 


*** Tlte species of Cephea the 
arAtomy oi which is here given, 
wis obtained in the South Pacihc 
uetkr the Louisiade Archipelago, 
on the 11th of July, 1842. The 
aboral surface of the umbrella 
was of a brownish-grey colour, 
variegated with oval white spots : 
the oral surface, light brown with 
eight bluish-green lines radia- 
ting toM'ards the Uthocysts: the 


brachia grey with brown dots. 
The brachia divide into two at 
their origin, and then subdivide 
into an infinity of small branches. 
The general colour of the smaller 
branches is light brown, the 
small interspersed clavate ten- 
tacles being white. The long 
tentacles which terminate eacii 
brachium, are blue and cylin- 
drical at Uieir origin, but become 
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3. The SiPHONOPHOEA. — In this group the hydrosoma is 
always free and flexible, the ectoderm developing no hard 
chitinous exoskeleton, save in the case of the pneumato- 
•phores of some species. In most, the hydranths are of equal 
size ; but in Velella and Porpitat the hydranth situated in 
the centre of the discoidal body is very much larger than 
the rest, which occupy a circumferential zone around it ; 

Fig. 24. 



Fig. 24.~ Athorybia ronacea. A, lateral view; B, from above; C, I>, 
detached hydrophyllia ; a, polypites ; fc, tentacles; c, sacculi of the 
tentacles ; d, hydrophyllia ; /, pneumatophore. 

and the principal function of which is to develope the 
gonophores from their pedicles. In these two genera the 
tentacula are separate from the hydranths, and fomi the 
outermost circle of appendages. 

The hydranths of the Sipfionophora (Fig. 25, A) never 
possess a circlet of tentacula round the mouth, which, 


trigonal ftirther on, where they ocellata of Peron and Lesueur ? 
are shaded with brown and green. The individual figured was a 
Is it identical with the Cephea young male. 
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when expanded, is trumpet-shaped. The endoderm of the 
hydranth is ciliated, and villus-like prominences project 
into its cavity. The interior of these frequently contains 
vacuolar spaces (Fig. 24, B, 0). A valvular ‘pylorus^ 
separates the gastric from the somatic cavity in the 
Calycophoridoe. Long tentacles, frequently provided with 
unilateral series of branches, are developed, either one 
from the base of each hydranth, or, independently of 
the hydranths, from the coenosarc. 

In the Calycophoridce and many Phyaophoridce, complex 

Fig. 25. 



Fig. Athorybia ro»acea, — A, a hydranth with viUi (a). B, one of 

the villi in its elongatetl state, enlarged. C, a small retracted villus, 
still more magnified, witli its vacuolar spaces and ciliated surt'ace. 

organs, containing a sort of ]>attery of thread cells, terminate 
each fateral branch of a tentacle tFigs. 24 ttnd 26). Each 
consists of an elongati»d sacculus, terminated by two tila- 
inentous appendages, and capable of being spirally coilotl 
up. In this state it is invest^ed by an involucrum, which sur- 
rounds its base. Tlie somatic cavity is continued through 
the branch, which constitutes the peduncle of this organ, into 
the sacculus and its terminal filaments. In the latter, it is 
naiTow, and their thick walls contain numerous email 
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sphencal nematocysts. In the sacculus, the cavity is wider. 
One wall is very thick, and midtitudes of elongated nema- 
tocysts, the lateral series of which are sometimes larger 
^ than the rest, are disposed parallel with one another, and 
perpendicular to the surface of the sac. Like the other 

Fig. 26, 



Fig. 26 . — Athoryhia rowoea.— The ends of the tentacular branches in 
various stages of development. A, lateral branch, commencing os 
a bud from the tentacle. In B, terminal papillse, the rudiments 
of the filaments, are developed at the extremity of the branch; am), 
in C, the sacculus is beginning to be marked off, and thread cells 
have appeared in its walls; in D, the division into involucrum and 
sacculus is apparent ; in K, the involucrum has invested the safculus, 
the extremity of which is straight, while the lateral processes have 
curled round it. 

organs, each of these tentacular appendages commences as 
a simple diverticulum of the ectoderm and endoderm, and 
passes through the stages represented in Fig. 26. 

In PhyBcdia the tentacula may l>e scvenil feet long. They 
have no lateral branches, but the large nematocysts are 
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situated in transverse reniform thickenings of the wall of 
the tentacle, which occur at regular intervals. 

Hydrophyllia are generally present, and, like the tentacula,^ 
are developed either from the pedicle of a hydranth, in 
which case they enclose the hydranth with its tentacle and 
a group of gonophores (Calycophoridce), or, independently 
of the hydranths, from the coenosarc (many Physophoridce). 

The hydrophyllia are transparent, and often present very 
beautifully defined forms, so that they resemble pieces of 
cut glass. They are composed chiefly of the ectoderm 
(and mesoderm) but contain a prolongation of theendoderm, 
with a corresponding diverticulum of the somatic cavity. 
They are, in fact, developed as csecal processes of the en- 
doderm and ectoderm ; but the latter, with the mesodermal 
layer, rapidly predominates. 

The gonophores of the Siphonophora present every va- 
riety, from a simple form, in which the medusoid remains in 
a state of incomplete development, to free medusoids of the 
Gymnophthalmatous type. As an example of the former 
condition the gonophores of Athoryhia may be cited (Fig. 
27) ; of the latter, the gonophores of Physalia, Porpita, and 
Velella. 

In Athoryhia, groups of gonophores, together with pyri- 
forUi sacs, which resemble incompletely developt^i hy- 
dranths (hydrocysts) (Fig. 27, A. aU are borne upon a com- 
mon stem, and constitute a gonoblaatidium {Fig. 27, A). The 
groups of male and female gonophores {Fig. 27, A, 6. ci are 
borne upon separate branches of the gonoblastidium 
(androphorea and gynophorea). Each feimile gonopbore 
contains only a single ovum, which projects into the cavity 
of the^mperfeetly diflferentiated manubrium, and narrowing 
its cavity at different points gives rise to the irregular 
canals (Fig. 27, D, d). In the male gonopbore, the necto- 
calyx is more distinct from the manubrium, and its ex- 
tremity has a rounded aperture (Fig. 27, E). 

In the Calycophoridce, os in the elougated Physophorid<E, 
the development of new hydranths and^their appendages, 
which is constantly occurring, takes place at that end of the 
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hydrosoma, which corresponds to the fixed extremity of one 


Fig. 27. 



Fig. 27. — Athorybta ronacea. — A, gonoblastidium bearing three hydro- 
cvsts, a : gvnophore, and two androphoreB, c, B, female gonv- 
pbores on tneir common stem or ^nophore, showing the included 
ovum, o, and the radial canals, b. C, D, female gonop})ores enlarged : 
a, germinal vesicle; 6, vitellus; c, radial canals of the imperfect 
nectocalyx ; d, caDai^ of the manubrial cavity. £, male gouophore. 

of the Hyd/rophora ; and, if we consider this to be the 
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proximal end, new buds are developed on the proximal side 
of those already formed. Moreover, these buds are formed 
on one side only of the hydrosoma. Hence the appendages 
are strictly imilateral, though they may change their position# 
so as eventually to appear bilateral or even whorled. In 
the CalycophoridcBf the saccular proximal end of the coenosarc 
(Fig. 22, A, d) is enclosed within the anterior nectocalyx, 
at the posterior end of which is a chamber, the hydrcecium 
( Fig. 22, A, c). The second, or posterior, nectocalyx is attached 
in such a way that its anterior end is enclosed within the 
hydrcBcium of the anterior nectocalyx, while its contractile 
chamber lies on the opposite side of the axis to that on 
which the anterior nectocalyx is placed (Fig. 22, A). Sets 
of appendages (Fig. 22, A, a ; Fig. 23), each consisting of a 
hydrophy Ilium, a hydranth with its tentacle, and gonophores, 
which last bud out from the pedicle of the hydranth — are 
developed at regular intervals on the coenosarc, and the 
long chain trails behind as the animal swims with a 
darting motion, caused by the simultaneous rhythmical 
contraction of its nectocalyces, through the water (Fig. 22 ). 

From what has been said, it follows that the distal set of 
appendages is the oldest, and, as they attain their full de- 
velopment, each set becomes detached, as a free swimming 
complex Diphyzooid (Fig. 23). In this condition they grow 
and alter their form and size so much, that they were 
formerly regarded as distinct genera of what were termed 
iiionogastric Diphydm. The gonophores, with which these 
are provided, in their turn ]>ecome detached, increase in 
size, become modified in form, and are set free as a third 
series of independent zooids (Fig. 23, D). But their manu- 
briun»doe8 not develop a mouth and become a functional 
hydranth ; on the contrary, the generative elements aie 
developed in its wall, and are set free by its dehiscence. 

In the PhysopJwridcB, the proximal end of the hydrosoma 
is provided with a pneumatophore. This is a dilatation, 
into which the ectoderm is invagiuated, so as toform a recep- 
tacle, which becomes filled with air and sometimes has a 
terminal opening, through which the air can be expelled 

L 
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(Fig. 13, 4). It is sometimes small, relatively to the hydro- 
soma {Agalma, Ph/ysophora), sometimes so large {Athoryhiay 
(Fig. 24), Physalia, Porpita, Velella), that the whole hydro- 
• soma becomes the investment of the pyriform or discoidal 
air-sac ; while the latter is sometimes converted into a sort 
of hard inner shell, its cavity being subdivided by septa 
into numerous chambers (Porpita, Velella). 

Nectocalyces may be present or absent in the Physo- 
phoridce. When present, their number varies, but they are 
confined to the region of the hydrosoma which lies nearest 
to the pneumatophore. 

In the great majority of the Hydrozoa, the ovum under- 
goes cleavage and conversion into a morula, and sub- 
sequently into a planula, possessing a central cavity en- 
closed in a double cellular wall, the inner layer of which 
constitutes the hypoblast, and the outer the epiblast. 

In most Hydrapkora the cQiated, locomotive, planula be- 
comes elongated and fixed by its alx)ral pole. At the oppo- 
site end, the mouth appears and the embryo passes into the 
gastrula stage, Tentiicles next bud out i*ound the mouth, 
and to this larval condition, common to all the Hydro^yhora, 
Allman has given the name of Actinula. 

Generally, the embryo fixes itself by its aboral extremity 
at the end of the planula stage; but, in certain Tuhularidcv, 
while the embryo is still free, a circlet of tentacles is 
developed close to tbe aboral end ; and this form of larva 
differs but very slightly from that which is observed in 
the Discophora. 

In the genus Pelagia, for example, the tentticlcs are 
developed from the circumference of the embryo, itidway 
between the oral and aboral poles; but it neither fixes 
itself nor elongates into the ordinary actinula-form. On 
the contrary, it remains a free-swimming organism, and, 
by degi’ees, that moiety of the body which lies on the 
aboral side of the tentacular circlet widens and is converted 
into the umbrella, tbe other moiety becoming the hydranth, 
or ** stomach/’ of the Medusa. 
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In Lucemaria, it is probable that the larva fixes itself be- , 
fore or during the development of the umbrella, and passes 
directly into the adult condition. But, in most Biscophora^^ 
the embryo becomes a fixed actinula (the so-called Hydra 
tuba or Scyphistoma, Fig. 28, 1.) multiplies agamogenetically 
by budding, and gives rise to permanent colonies of Hydri- 
form polypes. At certain seasons of the year, some of these 
enlarge and undergo a further agamogenetic multiplication 
by fission (Fig. 28, II.). In fact, each divides transversely 
into a number of eight-lobeid discoidal medusoids Ephyrcc ” 
□r ** JHeduaoB biJidcB^'* Fig. 28, II. and III.), and thus passes 
into what has been termed the Strohila stage. The Ephyr<B 
becoming detached from one another and from the stalk of 
tlie Strohila, are set free, and, undergoing a great increase 
in size, take on the form of the adult Discophore, and 
Acquire reproductive organs. The base of the Stt'obila may 
lievelope tentacles, iFig. 28, II.) and resume the Scyphidcnna 
condition. 

Metsehuikolf • has recently traced out the development 
of Gerytyma {Caa'marina), Polyxenia, and other 

Discopbora, which differ from the foregoing in joossessing 
a velum; and in these, as in the Trachyneirm ciliainm, 
observtHi by Gegeiibaur.f the pn>ce8s api>ears to bo of 
lisseutially the same nature as in Pvlayia. The ScyphUtmna 
jf Aurelia, Cyamm and their allies is probably to be re- 
garded, like the larva of Pelayia, as a Discophore with a rudi- 
mentary disk ; in which case, the production of the Ephtjra- 
forms of young Biftcophora will not be compjirable to the 
development of medusoid gonophores among the Hydrt>- 
phora, but will merely be a process of multiplication, bv 
transvc^e fission, of a true, though undeveloped, Discophore. 

In the 8iphonopJicn'<i,X f'be result of yelk division is the 
formation of a ciliated body consisting of a sniall-ceUed 
ectoderm investing a solid mass of large bhistomeres, which 

* *‘Studien Uberdie Entwicke- wechsel/ , 
lung derMedusen und 8ipho!u>- % especially tiie late ob- 
plioren.” (* Zeltaohrift fiir Wise, aervations ot Metscnnikoli, /of. 
Zool.,’ xxiv.) 

t ‘ Zur Lebro dcr Generations- 




Fijf. 28. — Figs. 1. and II. - Cyanaia capiUata (after Van Beneden *) 

J. 'IVo Jlydrat inbai {Scypltifioma stage), exhibiting their oniinnry 
charocters, and between them two (a, &,) which arc undergoing fission 
(Strobila stage). 


* fiecherches sur la Faune Jittoralo dc Belgi(iuc. Polypes.* 
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]l. The two Strohila:^ a and 6, three days later. In a, tentacles are 
developed, beneath the lowest of the Ephyra^ from the stalk of the 
StrobiiUf which will persist as a Hydra tu/ta. 

III. Half the disk of an Evhyra of Aurelia anrita^ seen from the oral 
face. The snftall tentanies which lie between the mouth and the ^ 
band of circular muscular fibres are inside the somatic cavity, 
whence sixteen short and wide radial canals «*xtend to the periphery, 
where they are united by transverse branch^^s. Eight of the radial 
canals enter the corresponding lobe!>, and finally divide into three 
branches; one which enters the peduncle of the lithocyst. and two 
lateral c»ca. Radiating bands of muscular fibres accoini)any these 
canals. 

IV. Side view of one of the lithocysts wdth its peduncle. The arrow 
indicates the direction in which the cilia of the extenor work. 

eventually pass into the cells of the endoderm. This body 
does not take the form of an actinula. On the contrary, 
it appears to be the rule that buds from which a hydro- 
pbyllium, a nectocalyx, a tentacle, or pneiimatophore, or 
even all of them, will be developed, take their origin ante- 
cedently to the formation of the first polypite and of the 
gastric cavity. 

As Metschnikoff well remarks, the mode of development 
of the Slphonophora is wholly inconsistent with the doctrine 
that the various appendages of the hydrosoma in these 
animals represent individuals. The Hydrozoa are not pro- 
perly compound organisms, if this phrase implies a coales- 
cence of separate individualities ; but they are organisms, 
the organs of which tend more or less completely to l>ecome 
independent existences, or zooids. A medusoid, though it 
feeds and mainUins itsidf, is, in a morphological Hen»i\ 
simply the detaebtni independent generative organ of the 
hydrosoma on which it was develo|H\l ; and what is tenm**! 
the “ alternation of generations/* in these and like cast's, is 
the result of the dissiHnntion of those parts of the organism 
on which the generative function devolves, fnmi the n'st.* 

In certain Disc^phora belonging to the group of Trachy- 
vmiatay a method of multipUoaiion by g^ iumation has been 

have seen no reason to tur« published in the * Annals ami 
depart from the opinions on Magwiuo of Xaiurai Hisiory ’ lur 
the subject of “ Animal indlvi- June 
duality’^' enunciated in my lec- 
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observed, which is unknown among the other Hyd/rozoa. 
It may be termed entogastric gemmation, the bud growing 
out from the wall of the gastric cavity, into which it even- 
•tually passes on its way outwards; while, in all other 
cases, gemmation takes place by the formation of a diver- 
ticulum of the whole wall of the gastro-vascular cavity, 
which projects on to the free surface of the body, and is 
detached thence (if it become detached), at once, into the 
circumjacent water. The details of this process of entogastric 
gemmation have been traced by Haeckel* in Carmarina 
hastata, one of the Geryonidee. As in other members of 
that family, a conical process of the mesoderm, covered by 
the endoderm, projects from the roof of the gastric cavity 
and hangs freely down into its interior. Upon the surface 
of this, minute elevations of ^^th of an inch in diameter 
make their appearance. The cells of which these outgrowths 
are composed next become differentiated into two layers — 
an external clear and transparent layer, which is in contact 
with the cone, and invests the sides of the elevation ; and 
an inner darker mass. The external layer is the ectoderm 
of the young medusoid, the inner its endoderm. A cavity, 
which is the commencement of the gastric cavity, appears 
in the endodemial mass, and opens outwards on the free 
side of the bud. The latter, now ^ 

meter, has assumed the form of a plano-convex disk, fixed 
by its flat side to the con<i, and having the oral aperture in 
the centre of its convex free side. The disk next increasing 
in height, the body acquires the form of a flask with a 
wide neck. The belly of the flask is the commencement of 
the umbrella of the budding medus<ud; the neck is its gas- 
tric division. The belly of the flask, in fact, contimies to 
widen out until it has the form of a flat cup, from the centre 
of which the relatively small gastric nectk i)rojectB, and the 
bud is converted into an unmistakable medusoid, attached 
to the cone by the centre of the aboral face of its umbrella. 
In the meanwhile, the gelatinous transparent mesoderm has 
appeared, and, in the umbrella, has acquired a gi*eat rela- 
* ^Beitrage zur Naturgeschichte der ilydromoduften/ 1865, 
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five thickness. Into this, eight prolongations of the gastric 
oavity extend, and give rise to the radial canals, which 
become united into a circular canal at the circumference 
of the disk. The velum, tentacula, and litbocysts are* 
developed, and the bud becomes detached as a free swim- 
ming medusoid. But this medusoid is very different from 
the Cannarina from which it has budded. For example, it 
has eight radial canals, while the CarmaHtia has only six ; 
it has solid tentacles, while the adult Camvarina has tubular 
tentacles ; it has no gastric cone, and has differently dis- 
posed lithocysts. Haeckel, in fact, identifies it with Cunina 
rhododcLctyla, a form which had hitherto been considered 
to be not only specifically and geuerically different from 
Camiarina, but to be a member of a distinct family — that 
of the JEginidcB. 

What makes this process of asexual multiplication more 
remarkable is, that it takes place in Carmarince which have 
already attained sexual maturity, and in males as well as in 
females. 

There is reason to believe that a similar process of ento- 
gastric proliferation occurs in several other species of 
JEginidce , — ^gineia pro! if era (Gegenbaur), Eut^ystoina rubi- 
ginosum (Kdlliker), and Cunina Kollikeri (F. Muller) ; but, 
in all these cases, the medusoids which result from the 
gemmative process closely resemble the stock from which 
they are produced. 

As might be expect-ed, the Hydrozoa are extremely rare 
iu the fossil state, and probably the last animal the liis- 
covery of fossil remaius of which could be anticipateil. is 
a jelly-fish. Nevertheless, some impressions of Medusa*, in 
the Soleuhofen slates, ai'e sufficiently well preserved to 
allow of their determination as members of the group of 
liliizostomuiw* The iipparent absence of the reuiains of 
Hydrophobia in the tnesozoio and newer palaeozoic rocks, is 
very remarkable. Some singular orgiaiisms, termed Qrap- 

**Hneckcl, ** Ueber z^ei ncue foMsil© Me»hi9cn i»ii8 der Faniilic Uer 
Ibuzosiomiden.*’ JaiirbucJi liir Miueralogie,’ ISGti.) 
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toliteSy which abound in the Silurian rocks, may possibly 
be Hydrozoa, though they present points of resemblance 
with the Polyzoa. They are simple or branched stems, 
sometimes slender, sometimes expanded or folia ceous ; occa- 
sionally the branches are connected at their origin by a 
membranous expansion. The stems are tubular, and beset 
on one or both sides with minute cup-shaped prolongations, 
like the thecae of a Sertularian. A solid thickening of the 
skeleton may have the appearance of an independent axis. 
Allman has suggested that the theciform projections of 
the Graptolite stem may correspond with the nematophores 
of Sertularians, and that the branches may have been 
terminated by hydranths. Appendages whi(.*h appear to 
be analogous to the gonopbores of the Hydrophora, have 
been described in some Graptolites.* 

With a very few exceptions {Hydra, Cordylophora,) the 
Hydrozoa are marine animals; and a considerable number, 
like the Calycophoridce and Physopharidce, are entirely 
pelagic in their habits. 

The Actinozoa. — The essential distinctions between the 
Actinozoa and the Hydrozoa are two. In the first place, 
the oral aperture of an Actinozoon leads into a sac, w'hich, 
without prejudice to the question of its exact function, 
may be termed “ gastric,” and which is not, like the hy- 
dranth of the Hydrozoon, free and projecting, but is sunk 
within the body. From the walls of the latter, it is separated 
by a cavity, the sides of which are divided by partitions, 
the mesenteries, which radiate from the wall of the gastric 
sac to that of the body, and divide the somatic cavity into 
a corresponding number of intermesenteric chamheA. As 
the gastric sac is open at its inner end, however, its cavity 
is in free communication with that of the cential space 
which communicates with the intennesenteric chambers; 
and the central space, together with the chambers, which 

♦ Hall: ‘GraptolitM of the of the British GraptolitiUse,’ 
Quebec Serf e§ of North America,’ 1872. 

186^. Nicholson: *Monogiaph 
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are often collectively termed the “ body cavity ” or “ peri- 
visceral cavity,” are, in reality, one with the digestive cavity, 
and, as in the Hydrozoa, constitute an enteroccele. Thus an 
Actinozoon might be compared to a Lucemaria, or still bettef 
to a Cardnella, in which the outer face of the hydranth 
is united with the inner face of the umbrella ; under these 
circumstances the canals of the umbrella in the Hydro- 
zoon would answer to the intermesenteric chambers in the 
Actinozoon. 

Secondly, in the Actinozoa, the reproductive elements are 
developed in the walls of the chambers or canals of th<* 
enteroccele, just as they so commonly are in the walls of the 
gastro-vascular canals of the Hydrozoa, but the genei*ative 
organs thus constituted do not project outwardly, nor dis- 
charge their contents directly outwards. On the contrary, 
the ova and spermatozoa are shed into the enteroccele, and 
eventually make their way out by the mouth. In this re- 
spect, again, the Actinozoon is comparable to a Lmernaria 
modified by the union of the hydranth with the ventral face 
of the umbrella ; under which circumstances the reproduc- 
tive elements, which, in all Hydrozoa, are developed, either 
in the walls of the hydranth or in those of the oral face 
of the umbrella, would be precluded from making their 
exit by any other route than through the gastro-vascular 
canals and the mouth. 

In the fundamental composition of the body of an ecti^ 
derm and endoderui, with a more or less largely developed 
mesoderm, and in the abundance of thread-cells, the Adi- 
nozoa agree with the Hydrozoa, 

In most of the Adinoioa, the single polype, into which the 
embryo is converted, gives rise by budding to many ?AH)ids 
which form a coherent whole, termed by Lacaze-Duthiers, 
a zoanthodeme. 

The CoRALLiOENA.— The Acthiozoa comprehend two 
groups — the Coralliyena and the CUmophora, — which ai*e 
widely different in appearance, though fundamentally similar 
in structure. In the former, the mouth is always surrounded 
by one or more circlets of tentacles, which may be slender 
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and conical, or slioi’t, broad and fimbriated. The mouth is 
usually elongated in one direction, and, at the extremities of 
the long diameter, presents folds which are continued into 
fhe gastric cavity. The arrangement of the parts of the 
body is therefore not so completely radiate as it appears to 
be. The enterocoele is divided into six, eight, or more, wide 
intermesenteric chambers, which communicate with the 
cavities of the tentacles, and sometimes, directly with the 
exterior, by apertures in the parietes of the body. The 
mesenteries which separate these wide chambers are thin 
Fig. 29. 



Fig. 29. — Perpendicular section of Actinia holmtira (after Frey and 
Leuckart).--<7, mouth; 6, gastric cavity; c, common cavity, iruo 
which the gastric cavity and tne intermesenteric chambers open ; t/, 
intermesenteric chambers ; c, thickened free margin, containing 
thread-celis of,/, a mesentery; </, reproductive organ ; A, tentacle. 

and membranous. Two of them, at opjx>8ite ends of a 
transverse diameter of the Actinozoon, are often difi’ereiit 
from tho rest. Each mesentery cmds, at its abortfl ex- 
tremity, in a free edge, often providcnl wdth a thickeneni and 
folded margin; and these free edges look towards the centre 
of an axial cavity,* into which the gastric sac and all tin* 
intermesenteric chambers open. 

In the Coralligena, the outer wall of the body is not pro- 

* Partially digested substunces that it may functionally represent 
are often found in this axial the stomach or the commencement 

and it is not improbable ot the intestine in liigher animals. 
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vided with bands of large paddle-like cilia. Most of them 
are fixed temporarily or permanently, and many give rise 
by gemmation to turf -like, or arborescent, zoanthodemes. 
The great majority possess a hard skeleton, composed prir^ 
cipally of carbonate of lime, which may be deposited in per- 
manently disconnected spicula in the walls of the body ; or 
the spicula may run into one another, and form solid net- 
works, or dense plates, of calcareous matter. When the 
latter is the case, the calcareous deposit may invade the 
base and lateral walls of the body of the Actinozoon, thus 
giving rise to a simple cup, or theca. The skeleton thus 
formed, freed of its soft parts, is a “ cup-coral,” and receives 
the name of a corallite. 

In a zoanthodeme, the various polypes {anthozooids)^ 
formed by gemmation may be distinct, or their several 
enterocoeles may communicate; in which last case, the 
common connecting mass of the body, may be 

traversed by a regular system of canals. when such 

compound Actinozoa develope skeletons, tlmiWwallites may 
be distinct, and connected only by a substance formed 
by the calcification of the ccenosarc, which is termed 
coeiienchyma ; or the thecm may be imperfectly developed, 
and the septa of adjacent corallites run into one another. 
There are cases, again, in which the calcareous deposit in 
the several polypes of a compound ActinoJM||. and in the 
superficial parts of the ccnnenchyma, remain^*^®®^ — "^'’.picu- 
lar, while the axial portion of the ccenosarc ii/l\.^?er& into 
a dense chitinous or calcified mass — the so-called scleroh 'se. 

The mesoderm contains abundantly developed muscular 
fibres. The question whether the CaralUyeiia possess a 
nerviflis system and organs of sense, hardly admits of a 
definite answer at present. It is only in the ActinUlce 
that the existence of such organs has been asserted ; and 
the nervous circlet of Actinia, describtHl by Spix, has bt^^ n 
seen by no later investigator, and may be safely assumed 
to be non-existent. Professor P. M. Duncan, F.R.S.,* how- 

the Nervous System of Actinia.* (Proceedings of Uie Koyol 
Society, October U, 1873.) 
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ever, lias recently described a nervous apparatus, consist- 
ing of fusiform ganglionic cells, united by nerve fibres, 
which resemble the sympathetic neiwe fibrils of the Verte- 
^ata, and form a plexus, which appears to extend through- 
out the pedal disk, and very probably into other parts of 
the body. In some of the ActinidcB (e.g., Actinia mssemhry- 
anthemum), brightly coloured bead-like bodies are situated 
in the oral disk outside the tentacles. The structure of 
these “ chromatophores,*’ or “ bourses calicinales,” has been 
carefully investigated by Schneider and Rotteken, and by 
Professor Duncan. They are diverticula of the body wall, 
the surface of which is composed of close-set “bacilli,’’ 
beneath which lies a layer of strongly-refracting spherules, 
followed by another layer of no less strongly- refracting 
cones. Subjacent to these. Professor Duncan finds ganglion 
cells and nerve plexuses. It would seem, therefore, that 
these bodies ^^jjudimentary eyes. 

The sexei^^Hmited or distinct, and the ovum is ordi- 
narily, if n^W^^ys, provided with a vitelline membrane. 
The impregnated ovum gives rise to a ciliated morula, which 
may either be discharged or undergo further development 
within the somatic (Cavity of the parent. The moinila be- 
comes a gastrula, but whether by true invagination or by 
delamination, as in most of i\xQ Hydrozoa, is not quite clear. 
The gastru^' itself by its closed end, while 

tentar^' ■ ^Kiped from its oral end. It can hardly be 
donbteT"tii»*, , ^intermesenteric chambers are diverticula 
of the primitive enterocoele; but the exact mode of their 
origin needs further elucidation. 

Lacaze-Duthiers * has recently thrown a new light up<m 
the development of the Coralligcna^ and particularly ^»f the 
ActinicB {Actinia, Sagartia, Bunodes), These animals are 
generally hermaphrodite, testes and ovaria being usually 
found in the same animal, and even in the same mesenteries ; 
but it may happen that the organs of one or the other sex 
are, at any given time, exclusively developed. The ova 

♦ IMveloppement deg Coralliaires.** (‘ Archives de Zoologie ex- 
perimeaUilc,’ 1 ^ 12 .) 
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undergo the early stages of their development within the 
body of the parent. The process of yelk division was not 
observed, and in the earliest condition described the embryo 
was an oval planula-like body, composed of an inner ^ 
coloured substance and an outer colourless layer. The 
outer layer (epiblast = ectoderm) soon becomes ciliated. An 
oval depression appears at one end, and becomes the mouth * 
and gastric sac, while, at the opposite extremity, the cilia 
elongate into a tuft. The ectoderm extends into and 
lines the gastric sac, while the interior of the coloured 
hypoblast becomes excavated by a cavity, the enterocoele, 
which communicates with the gastric sac. In this con- 
dition the embryo swims about with its oral pole directed 
backwards. 

The oral aperture changes its form and becomes elongated 
in one direction, which may be termed the oral axis. The 
mesenteries are paired processes of the transparent outer 
layer (probably of that part which constitutes the meso- 
derm) which mark off corresponding segments of the 
enteroccele. The first which make their appearance are 
directed nearly at right angles to the oral axis near, but not 
exactly in, the centre of its length. Hence they divide the 
enteroccele into two primitive chambers, a smaller (A) at 
one end of the oral axis, and a larger (A') at the other. 
This condition may be represented )>y A A' ; the dots 
indicating the position of the primitive mesenteries, and 
the hyphen that of the oral axis. It is interesting to 
remark that, in this state, the embryo is a bilaterally 
symmetrical cylindrical body, with a central canal, the 
future gastric sac; and, communicating therewith, a biiobed 
enteft>co?le, which separates the central canal from the 
l)ody wall. In fact, in principle, it resembles the early 

* Kowalowsky describee the In other R|)ecies of and in 

formation of a gastrula by inva- Atcyomium^ the planula seems to 
gination in a species <»f Actinia deUminate. Ordinary yelk di vi- 
and in the aperture sioit occurs in some AntiMZoa^ 

of invogiuntion becoinitig tiie while in otlurs {.Alcyomwm) the 
mouth (Hofmann and Schwalbe, process rarher resembles that 
‘ Jahresbericht/ Bd. 11. p, which occurs in most Arthropods. 
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condition of the embryo of a Ctenophore, a Brachiopod, 
or a Sagitta. 

Another pair of mesenteric processes now makes its 
Appearance in the larger chamber A^ and cuts off two 
lateral chambers, BB, which lie between these secondary 
mesenteries and the primary ones. In this state the en- 

terocoele or somatic cavity is four-chambered A'). 

Next a third pair of mesenteries appear in the smaller 

chamber (A), and divide it into three portions, one ar 

the end of the oral axis (A), and two lateral (CC). In this 

( C B \ 

A A' ^ ; but 

almost immediately the number is increased to eight, 
by the development of a fourth pair of mesenteries in 
the chambers B, B, which thus give rise to the chambers 
D, D, between the primitive mesenteries and themselves. 
The embryo remains in the eight- chambered condition 

( p/ T) T) 

A 0/“rp) 5 A' ) for some time, until all the chambers 

and their dividing mesenteries become equal. Then a fifth 
and a sixth pair of mesenteries are formed in the chambers 
C, C, and D, D ; two pairs of new chambers, E and F, are 
produced, and thus the Actinm acquires twelve chambers 

( P F F B B \ 

^ C E'^F D B ^ which result from the sub- 

division of the smaller primary chamber, and seven from 
that of the larger primary chamber. The various chambers 
now acquire equal dimensions, and the tentacles begin to bud 
out from each. The appeai*ance of the tentacles, however, 
is not simultaneous. That which proceeds fron^. th<‘ 
chamber A' is earliest to appear, and for some time is 
largest, and, at first, eight of the tentacles are larger than 
the other four. 


The coiled marginal ends of the mesenteries appeal* at 
first upon the edges of the two primary mesenteries ; then 
upon the edge of the fourth pair, and afterwards upon those 
of the other pairs. 
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For the further changes of the young Actinia^ I must refer 
to the work cited. SuflScient has been said to show that 
the development of the Actinice follows a law of bilateral 
symmetiy, and to bring out the important fact that, iif 
the course of its development, the finally hexamerous 
Anthozoon passes through a tetramerous and an octomerous 
stage. 

Phenomena analogous to the “alternation of genera- 
tions,” which is so common among the Hydrozoa, are 
unknown among the great majority of the Actinozoa, But 
Semper * has recently described a process of agamogenesis 
in two species of Fung ice, which he ranks under this head. 
The FungicB bud out from a branched stem, and then be- 
come detached and free, as is the habit of the genus. To 
make the parallel with the production of a medusoid from 
a hy droid polype complete, however, tlie stem should be 
nourished by a sexless anthozooid of a different character 
from the foims of Ihingtoe which are produced by gemma- 
tion. And this does not appear to be the case. 

In one division of the CoralUgena — the Octocoralla — eight 
enterocoele chambers are developed, and as many tentacles. 
Moreover, these tentacles are relatively broad, flattened, 
and serrated at the edges, or even pinnatifid. The Acti- 
nozoon developed from the egg may remain simple [Haimea, 
Milue-Edwards), but usually gives rise to a zoanthodeme. 

The coenosarc of the zoanthodeme in the Octocoralla is 
a substance of fleshy consistence, which is formed chiefly of 
a peculiar kind of connective tissue, containing man}’' mus- 
cular fibres developed in the thickened mesoderm. The 
axial cavity of each anthozooid is in communication with a 
systeiH of large canals. In Alcyonium, a single large canal 
descends from each anthozooid into the interior of the 
zoanthodeme, and the eight mesenteries are continued as 
so many ridges throughout its entire length.f so that these 
tuljes have been compared to the thecal canals of the Mille- 

* ‘ ITeber Generations-Wcrhsel tribution a TAnatomie des Aloy- 
bei Stclnkorallen.’ Leipzig, 1872. onaires.” (‘ Journal d* Anatomic 

t Pouchet and Myevre, “ Cou- et de la Physiologic/ 1870.) 
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Fig. 30. — Ct>ro//rwin rvhrvm (after Lacaze-Diithiers *). 

1. The end of a branch with A, B, (’, three antiiozooids in different 
degrees of expanbion ; A, the mouth; a, that part of the camosorc 
which rises into a cup around the base ot each antiiozooid. 

* < Histoire Naturelle du Corai4’ 1864. 



161 


THE ACTINOZOA. 

f 

II. Portion of a branch, the coenosaro of^ which has been divided 
longitndinally and parUally removed ; B, B', B", anthozooidi in Bec> 
tion ; B, anthozooid with expanded tentacles ; A, mouth ; m, gastric 
sac ; t, its inferior edge ; mesenteries. 

B', anthozooid retracted, with the tentacles {d) drawn back into the* 
intermesenteric chambers ; c, orifices of the cavities of the invagi- 
nated tentacles ; e, circum-oral cavity ; the part of the body which 
forms the projecting tube when the anthozooid is expanded ; a, fes> 
tooned edges of the cup. 

B", anthozooid, showing the transverse sections of the mesenteries. 

A, A, Coenosarc, with its deep longitudinal canals (/), and superficial, 
irregular, reticulated canals (A). P, The hard axis of the coral, wjth 
longitudinal grooves (p) answering to the lougitudinal vessels. 

III, , fV. Free ciliated embryos. 

poreB. In the red coral of cominerce {Qoralliurjfi^ ruhrnm. 
Fig. 30), the large canals run parallel with the axial skele-r 
ton. A delicate network, which traverses the rest of the 
substance of the coenosarc, appears to be sometimes solid 
and sometimes to form a system of fine canals opening into 
the larger ones. The anthozooids possess numerous muscles 
by which their movements are effected. The fibres are 
delicate, pale, and pot striated. Nerves have not been 
certainly laade out. 

It is in these Octocoralla that the form of skeleton trliich 
is termed a s^lerobase, which is formed by comification or 
calcification of the axial connective tissue of the zoantho- 
deme, occurs, It is an unattached simple rod in Pennatula 
and Veretillimy but fixed, tree-like, branched, and even re- 
ticulated, in the Oorgonice and the red coral of coniiperce 
{Corallvum). In the 4kyonm, or “Dead men’s fingers,” 
of our ovm shores, there is no sclerobase, nor is there 
any in Tuhvpora, the organ coral. But, whereas in all 
the other Octocorglla the bodies of the polypes and the 
coenosarc are beset with loose spiciila of carbonate of 
lime, Tuhipora is provided with solid tuhiform theca?, in 
which, however, there are no septa. 

Dimorphism has been observed by Kolliker to occur 
extensively among the PennatulidcE. Each zoanthodeme 
presents at least two different sets of zooids, some being 
fully developed, and provided with sexual organs, while the 
others have neither tentacles nor generative organs, and 

M 
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exMbit some other peculiaiities.* These abortive zooids 
are either scattered irregularly among the others {e,g, 
Sarcophyton, Veretillum), or may occupy a definite position 
^.g. Virgularia). 

In the other chief division of the Coralligena — the Hexa~ 
coraUa — the fundamental number of enterocoele chambers 
and of tentacles is six,t and the tentacles are, as a rule, 
rounded and conical, or filiform. 

The Actinozoon developed from the egg in some of the 
Hexacoralta remains simple, and attains a considerable size. 
Of these — the Actinidce — many are to some extent loco- 
motive, and some (Minyas) float freely by the help of their 
contractile pedal region. The most remarkable form of this 
group is the genus Cereanthus^ which has two circlets, each 
composed of numerous tentacles, one immediately around 
the oral aperture, the other at the margin of the disk. 
The foot is elongated, subconical, and generally presents 
a pore at its apex. Of the diametral folds of the oral 
aperture, one pair is much longer than the other, and is 
produced as far as the pedal pore. The larva is curiously 
like a young hydrozoon with four tentacles, and, at one 
time, possesses four mesenteries. 

The Zoanthid<B difier from the Actinidce in little more 
than their multiplication by buds, which remain adherent, 
either by a common connecting expansion or by stolons; 
and in the possession of a rudimentary, spicular, skeleton. 
In the Antipathidce there is a sclerobasic skeleton. The 
proper stone-corals are essentially ActinicB, which become 
converted into zoanthodemes by gemmation or fission, and 
develope a continuous skeleton. 

The skeletal parts J of all the Actinozoa^ consist either of 
a substance of a homy character ; or of an organic basis 
impregnated with earthy salts (chiefly of lime and mag- 
nesia), but which can be isolated by the action of dilute 

* * Abhandlangen dfr Senken- they are either six or some mul- 
bergiiobeti N aturforschcnden Ge- tiple of six. 

s^lscbaft,* fid. vii. viii. X See KhlHker, * leones Hlsto^ 

I That is to soy, In the adult, 1866. 



THE ACTINOZOA. 


i63r 

acids ; or finally, of calcareous salts in an almost crystalline 
state, forming rods or corpuscles, which, when treated with 
acids, leave only an inappreciable and structureless film of 
organic matter. The hard parts of aU the Aporosa^ Perforatay 
and Tabulata of Milne-Edwards are in the last- mentioned 
condition; while, in the OctocoralUiy except Tnhiporay and 
in the AntipathidcBy and Zoanthidce, among the Hexacoralla, 
“the skeleton is either horny ; or consists, at any rate, to 
begin with, of definitely formed spicnla, which contain an 
organic basis, and frequently present a laminated structure. 
In the organ coral {Tuhipora)^ the skeleton has the character 
of that of the ordinary stone-corals, except that it is per- 
forated by numerous minute canals. 

The skeleton appears, in all cases, to be deposited within 
the mesoderm, and in the intercellular substance of that 
layer of the body. Even the definitely shaped spicula of 
the Octocoralla seem not to result from the metamor- 
phosis of cells. In the simple aporose corals the calcifica- 
tion of the base and side wails of the body, gives rise to 
the cup or theca ; from the base the calcification extends 
upwards in lamellae, which cori'espond with the interspaces 
between the mesenteries, and gives rise to as many vertical 
septa* the spaces between which are termed loculi ; while, 
in the centre, either by union of the septa or indepen- 
dently, a column, the ooliMneUa, grows up. Small separate 
pillars between the columella and the septa are termed 
paluli. From the sides of adjacent septa scattered processes 
of calcified substance, or synapticuloe, may grow out toward 
one another, as in the Fungidce ; or the interruption of the 
cavities of the loculi may be more complete in consequence 
of thS formation of shelves stretching from septum to 
septum, but lying at different heights in adjacent locuii. 
These are irUerseptcU dissepiments. Finally, in the Tabuluia, 
honaontal plates, which stretch completely across the cavity 
of the theca, are formed one above the other and constitute 
tabular dissepimewts, 

* Laoake-Buthiers* invegtirations on Attma calycularu prove that 
the septa begin to be formed before the theca. 

M 2 
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In the Aporosa the theca and septa are almost invariably 
imperforate ; but, in the Perforata, they present apertures, 
and, in some Madrepores, the whole skeleton is reduced to a 
mere network of dense calcareous substance. When the 
Sexacoralla multiply by gemmation or fission, and thus 
give rise to compound massive or arborescent aggregations, 
each newly-formed coral polype developes a skeleton of its 
own, which is either confluent with that of the others, or is 
united with them by calcification of the connecting sub- 
stance of the common body. This intermediate skeletal 
layer is then termed coenenchyma. 

The septa in the adult Hemacoralla are often very numerous 
and of different lengths, some approaching the centre more 
closely than others do, Those of the same lengths are 
members of one ‘cycle; * and the cycles are numbered accord- 
ing to the lengths of the septa, the longest being counted 
as the first, In the young, six equal septa constitute 
the first cycle. As the coral grows, another cycle of six 
septa arises by the development of a new septum between 
each pair of the first cycle ; and then a third cycle of twelve 
septa divides the previously existing twelve interseptal 
chambers into twenty-four. If we mark the septa of the 
first cycle A, those of the second B, and those of the third 
0, then the space between any two septa (A A) of the first 
cycle will be thus represented when the third cycle is 
formed--A C B C A. 

When additional septa are developed, the fourth and 
following cycles do not consist of more than twelve septa 
each ; hence the septa of each new cycle appear in twelve 
of the previously existing interseptal spaces, and not in all 
of them ; and the order of their appearance follows a definite 
law, which has been ^worked out by Milne-Edwards and 
Haime. Thus, the septa of the fourth cycle of twelve (d) 
^bisect the interseptal space A C; and those of the fifth 
cycle (e) the interseptal space B C ; the septa of the sixth 
cycle (f), A d and d A ; those of the seventh cycle (g), e B 
and B e ; those of the eighth cycle (h\ d 0 and C d ; and 
those of the ninth cycle (i), C e and e C. 
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Hence, after the formation of nine cycles, the septa added 
between every pair of primary septa (A, A) will be thus 
arranged — A fdhOiegBgeiChdf A.* 

The stone-corals ordinarily known as MilleporeB afe 
characterised by being traversed by numerous tubular 
cavities, which open at the surface, and the deeper parts of 
which are divided by numerous close-set transverse par*, 
titions, or tabular dissepimenUy while vertical septa are 
rudimentary or altogether absent. These were regarded 
as Anthotoa, and classed together in the division of Tahulata, 
until the elder Agassiz f published his observations on the 
living Millepora alcicornis, which led him to the conclusion 
that the Tabulata are Hydrozoa allied to Hydractinia, and 
that the extinct Bugosa wore probably of the same nature. 
The evidence adduced by Agassiz, however, was insuffi- 
cient to prove his conclusions; and the subsequent dis- 
covery by Verrill that another tfibulate coral, Pocillopora, is 
a true Hexacorallan, while Moseley X has proved that Helio^ 
para ccerulea is an Octocorallan, gave further justification 
to those who hesitated to accept Agassiz’ views. 

The recent very thorough and careful investigation of a 
species of Millepora occurring at Tahiti, § by Mr. Moseley, 
although it still leaves us in ignorance of one important 
point, namely, the characters of the reiH*oductive organs, 
yet permits no doubt that Millepora is a true Hydrozoon 
allied to Hydractinia, as Agassiz maintained. The surface 
of the living Millepora presents short, broad hydranths, 
the mouth of which is surrounded by four short tentacles. 
Around each of these alimentary zooids is disposed a zone 
of from five to twenty or more, much longer, mouthless 
zooMs, over the bodies of which numerous short tentacles 
are scattered. Each of these zooids expands at its base 


♦ That the order of occurrence 
of the septa of various lengths, at 
the different stages of growth of 
a corallite, is that indicated, seems 
to be clear, whatever may be tlie 
exact mode of development of the 
septa in each cycle, 
t ‘Natural History of the 


United States,’ vols. iii. and iv., 
1860-62. 

X Moseley, “ The Structure and 
lielations of the Alcyoiiarian, 
JJeliopora cixrufeay’ &c. (Proc. 
Koval Society, Nov. 1875.) 

§ Proceeilings of the Royal 
Society, 1876. 
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into a dilatation, whence tubular processes proceed, which 
ramify and anastomose, giving rise to a thin expanded 
hydrosoma. The calcareous matter (composed as usual of 
^Sarbonate, with a small proportion of phosphate, of lime) 
forms a dense continuous crust upon the ectoderm of the 
ramifications of the hydrosoma, that part of it which imder- 
lies the dilatations of the zooids constituting the septa. 
As the first formed hydrosomal expansion is completed, 
another is formed on its outer surface, and it dies. The 

thecal ” canals of the coral arise from the correspondence 
in position of the dilatations of the zooids of successive 
hydrosomal layers, and the tabulae are their supporting 
plates. 

Thus the group of the Tabulata ceases to exist, and its 
members must be grouped either with the Hexacarallaf the 
Octoeorallay or the Hydrozoa, 

The Rugom constitute a group of extinct and mainly 
Palaeozoic stone-coi'ais, the thecae of which are provided 
with tabular dissepiments, and generally have the septa less 
developed than those of the ordinary stone-corals. The 
arrangement of the parts of the adult Rvgosa in fours, and 
the bilateral symmetry which they sometimes exhibit, are 
interesting peculiarities when taken in connection with the 
tetramerous and asymmetrical states of the embryonic 
Sexaceralla. On the other hand, some of the Rugoea possess 
opercula, which are comparable to the skeletal appendages 
of the Alcyonarian Primnoa observed by Lindstrom, and 
the tetramerous arrangement of their parts suggests affinity 
with the Octocoralla. It seems not improbable that these 
ancient corals represent an intercalary type between*^ the 
Hexacoralla and the Octocoralla. 

All the Actiriozoa are marine animals. The Actinicp^ 
among the Hexacoralla^ and various forms of Octocoralla, 
have an exceedingly wide distribution, while the latter are 
found at veiy great depths. 

The stone-corals, again, have a wide range, both as re- 
spects depth and temperature, but they are most abundant 
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in hot seas, and many are confined to snob regions. Some 
of these stone-corals are solitary in habit, while others are 
social, growing together in great fields, and forming what 
are called “ coral reefs.” The latter are restricted withifi 
that comparatively narrow zone of the earth’s surface 
which lies between the isotherms of 60°, or, in other words, 
they do not extend for more than about 30° on either side 
of the equator. It is not conditions of temperature alone, 
however, which limit their distribution; for, within this 
zone, the reef-builders are not found alive at a greater 
depth than from fifteen to twenty fathoms, while, at the 
equator, an average temperature of 68° is not reached 
within a depth of 100 fathoms. 

Not only heat, then, but light, and probably rapid and 
effectual aeration, are essential conditions for the activity 
of the reef -building Actinozoa, But, even within the coral 
zone, the distribution of the reef -builders appears to be 
singularly capricious. None are found on the west coast 
of Africa, very few on the east coast of South America, none 
on the west coast of North America; while in the Indian 
Ocean, the Pacific, and the Caribbean Sea, they cover 
thousands of square miles. It is by no means certain, how- 
ever, that any one species of West India reef coral is 
identical with any East Indian species, and the corals of 
the central Pacific differ very considerably from those of 
the Indian Ocean. 

Different species of Corals exhibit great differences as 
to the rapidity of their growth, and the depth at which 
they flourish best ; and no one must be taken as evidence 
for another in these respects. Certain species of Perforata 
{MaJtre'poridcB and Poritidce) appear to be at once the fastest 
growers, and those which delight in the shallowest vraters. 
The Aatrwidm among the Aporosa, and Sei'iatopora among 
the Tahulata, live at greater depths, and are probably slower 
of increase. 

Under the peculiiu* conditions of existence which have 
just been described, it would seem easy enough to compre- 
hend, d prioi'if the necessary arrangement of coral reefs. 
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Ab the reef -building Actinozoa cannot live at greater depths 
than twenty fathoms, or thereabouts, it is cleai' that no 
reef can be originally formed at a greater depth below the 
Surface, and such a depth usually implies no very great 
distance from land. Furthermore, we should expect that 
the growth of the coral would fill up all the space between 
the shore and this furthest limit of its growth ; so that 
the shores of coral seas would be fringed by a sort of 
flat terrace of coral, covered, at most, by a very few feet 
of water; that this terrace would extend out until the 
shelving land upon which it had grown descended to a 
depth of some twenty fathoms; and that then it would 
suddenly end in a steep wall, the summit and upper parts 
of which would be crowned with overhanging ledges of 
living coral, while its base would be hidden by a talus of 
dead fragments, tom off and accumulated by the waves. 
Such a ‘'fringing reef” as this, in fact, suirounds the 
island of Mauritius. The beach here does not gradually 
shelve down into the depths of the sea, but passes into a 
flat, irregular bank, covered by a few feet of water, and 
terminating at a greater or less distance from the shore in 
a ridge, over which the sea constantly breaks, and the 
seaward face of which slopes at once sheer doVn into 
fifteen or twenty fathoms of wnter. 

The structure of a fringing reef varies at different 
distances from the land, and at different depths in its sea- 
ward face. The edge beaten by the surf is composed of 
living masses of Poritee, and of the coral-like plant, the 
NidUpore ; deeper than this is a zone of kl^oro^a {A8trtjeidw\ 
and of Millepores i Seriatopora ) ; while, deeper still, all living 
coral ceases; the lead bringing up either dead branches, or 
showing the existence of a flat gently sloping floor, the 
true sea-bottom, covered with fine coral-sand and mud. 
Passing from the edge of the reef landwards, the Poritidce 
cease, and are replaced by a ridge of agglomerated dead 
branches and sand, coated with Nullipore ; the floor of the 
shallow basin, or “ lagoon,” enclosed between the reef and 
the landi is formed by a conglomerate, composed of frag- 
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ments of coral cemented by mud ; and, on tbis, MeandrinoR 
and Fungice rest and flourish, exhibiting the most gaudy 
coloration, and sometimes attaining a great size. During 
storms, masses of coral are hurled on to the floor of the* 
lagoon, and there gradually increase the accumulation of 
rocky conglomerate ; but in no other way can a fringing 
reef, which has once attained its limit in depth, increase 
in size, unless, indeed, the talus accumulating at the foot 
of its outer wall should ever rise sufficiently high to afford 
a footing for the corals within their prescribed limits of 
depth, 

Such is the structure of a f ringing reef ; but the great 
majority of reefs in the Pacific are very different in their 
character. Along the north-eastern coasts of New Holland, 
for instance, a vast aggregation of reefs lies at a distance 
from the shore which varies from a hundred to ten miles ; 
forming a mighty wall or bander against the waves of 
the Pacific. At a few hundred yards outside this barrier 
reef*' no bottom can be obtained with a sounding line of a 
thousand fathoms ; between the reef and the main land, on 
the contrary, the sea is hardly ever more than thirty 
fathoms deep. Many of the islands of the Pacific, again, 
are encircled with reefs conesponding exactly in their 
character with the barrier reef; sepiirated, that is, by a 
relatively shallow channel from the land, but facing the 
sea with an almost jxjrpendicular wall which rises from 
a very great depth. 

Finally, in many cases, especially among the single reefs, 
which taken together constitute the gi-eat Australian 
barrier, there is no trace of any central island ; but a 
circular reef, usually having an opening on its leeward 
side, stands out in the midst of the sea. These reefs, 
apparently unconneeted with other land, are what are 
called “ Atolls.*’ 

How have these barrier reefs, encircling reefs, and atolls 
been formed ? It is certain that the fabricators of these 
reefs cannot live at a greater depth than in the fringing 
reefs. How can they have grown up, then, from a thousand 
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fathoms or more? Why d,o they take so generally the 
circular form? What is the connexion, finally, between 
fringing reefs and atolls? The only thoroughly satis-^ 
factory answer to these questions has been given by 
Mr. Darwin, from whose beautiful work on Coral Reefs 
I have borrowed most of the foregoing details, Consider 
for a moment what would be the efl’ect of a slow and 
gradual submergence of the island of Mauritius — a sub- 
mergence, perhaps, of a few feet in a century (at any rate, 
not greater than the rate of upward growth of coral) 
continued for age after age. As the edge of the fringing 
reef sank, new coral would grow up from it to the surface ; 
and, as the most active and important of the reef-builders 
flourish best in the very surf of the breakers, so the margin 
of the reef would grow faster than its inner portion, and 
the discrepancy would increase as the latter, sinking deeper 
and deeper, became further removed from the region of 
active growth. Nevertheless, the sea-bottom within the 
reef would constantly tend to be raised by the accumulation 
of fragments, and by the deposit of fine mud, in its sheltered 
and comparatively calm winters. On the other hand, on the 
seaward face of the reef, no possible extension could take 
place by direct growth ; and that by accumulation must be 
exceedingly slow, the incessant wash of tides, waves, and 
currents tending incessantly to spread any talus ovev a wider 
and wider area. 

Thus, then, the edge of the reef unceasingly compensates 
itself for the depression which it undergoes, while, inside 
the reef, only a partial compensation takes place, and, 
outside, hardly any at all, Continue the sinking process 
until its highest peak was but a few hundred feet* above 
the surface, and all that would be left of Mauritius would 
be a?r island surrounded by an encircling reef ; carry on 
the depression further still, and a circular reef, or atoll, 
alone would remain. But the region of the coral reefs is, 
for the most part, that of constant winds. During the 
whole process of growth of the reef, therefore, one of its 
eides — that to windward — has been exposed to more siuf 



ANCIENT BEEFS. 


171 


than that to leeward. Not only will the greater quantity 
of debris, therefore, have been heaped up by storms upon 
the windward side, but the coral builders themselves will 
here have been better fed, better aerated, and consequently * 
more active. Hence it is that, other things being alike, 
there is a probability that the leeward side of the reef will 
grow more slowly, and repair any damages less easily, than 
the windward side ; and hence, again, as a result, the known 
fact, that the practicable channels of entrance into encir- 
cling reefs or atolls are usually to leeward. 

The winds and waves are singularly aided in grinding 
down the corals into mud and fragments, by the Scari and 
Holothv/ruB which haunt the reefs; the former browsing 
upon the living Polypes with their hard and parrot-like 
jaws, and passing a fine calcarcious mud in their excrements ; 
the latter, more probably, swallowing only the smaller frag- 
ments and mud, and, having extracted from them such 
nourishment as they may contain, casting out a similar 
product. It is curious to reflect upon +he similarity of action 
of these wormlike Holothurioe upon the sea-meadows of 
coral, to that which the Earthworms, as Darwin has shown, 
exert upon our land meadows ! 

In the Palaeozoic period, reefs like those which have just 
been described appear to have abounded in our own lati- 
tudes ; and there is the most striking superficial resemblance 
between the ancient beds of c-alcareous rock which record 
their existence, and the masses of coral limestone, hard 
enough to clink with a hammer, which are now being formed 
in the Pacific, by the processes of accumulation of coral- 
mud and fnigmonts, and their consolidation by percolating 
water. * Closer examination, however, shows an important 
difference in the nature of the corals which compose the 
two reefs. The motlem limestones are made up of P^ r- 
forata, Millepores, and Aporosa. The ancient ones contain 
Millepores, but usually neither Perfomta nor Aporosa , — both 
these groups being replaced by the Rugosa, none of whose 
members (with some doubtful exceptions) have survived the 
Polmozoio period. On the other hand, Palceocyclus and 



172 tTHB ANATOMY OF INVBETBBRATBD ANIMALS. 

Pleurodici/yon are the only genera, belonging to the . 
or Perforata, which have yet been discovered in strata of 
greater than mesozoic age. 

The OtbNophoea.* — These are freely swimming marine 
animals, which never give rise by gemmation to compound 
organisms, and are always of a soft and gelatinous consist- 
ence, their chief bulk being made up by the greatly de- 
veloped mesoderm. Many are oval or rounded {Berde, Pleu- 
rohrachia, Fig. 31), while in others the body is produced into 
lobes (Callianira), or may even be ribbon-shaped {Cestum ) ; 
but, whatever their form, they present a distinct bilateral 
symmetry, similar parts being disposed upon opposite 
sides of a median plane, which is traversed by the axis 
of the body. The mouth is situated at one end of this 
axis, which may be termed the oral pole. At the opposite, 
or aboral pole, there is no median aperture, but usually, 
if not invariably, a pair of apertures a short distance 
apart. The faces of the halves of the body present four 
longitudinal bands of long and strong cilia, disposed in 
transverse rows, like so many paddles ; these constitute the 
chief organs of locomotion. Each half is also often provided 
with a long retractile tentacle ; and lobed processes of the 
body, or non-retractile tentacula, may be developed on its 
oral face. The mouth leads into a wide, but flattened, 
gastric sac, the aboral end of which is perforated, and leads 
into a chamber termed the infundibulum, From the aboral 
face of this, a canal which bifurcates, or two canals, lead to 
the aboral apertures. On opposite sides of the infundibulum 
a canal is given oflF towards the middle of each half of the 
body, which sooner or later divides into two, and thbse two 
again subdivide, so that four canals, which diverge and 
radiate towards the inner faces of the rows of paddles, are 

* Allman (* Monograph of the part from the conclusion to which 
Tabularian Hydroids,’ 1871, p. 3) i was led by the study of the 
considers that the Ctenophora are structure of Pleunjbrachia, many 
moio properly arranged among years ago, that the Ctenophora are 
the Hydrozoa, I confess, how- peculiarly modified Actinozoa^ 
ever, uint 1 see no reason to de- 
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eventually formed. Having reached the surface, each 
radiating canal enters a longitudinal canal, which underlies 
the row of paddles, and may give off branches, or unite 
with the other longitudinal canals in a circular canal at the 
aboral end of the body. In addition, two other canals, which 
run parallel with each flat face of the gastric sac, open into 
the infundibulum. And, when retractile tentacula are pre- 
sent, their cavities also communicate with the same chamber. 

The entire system of canals is in free communication with 
the gastric cavity, and corresponds with the enteroccele of 
an Actinia, Indeed, an Actinia with only eight mesenteries, 
and these exceedingly thick, whereby the intermesenteric 
chambers would be reduced to canals; with two aboral 
pores instead of the one pore, which exists in Cereanthus ; 
and with eight bands of cilia con'esponding with the 
reduced intermesenteric chambers, would have all the 
essential peculiarities of a Ctenophoran. 

The question whether the Ctmophora possess a nervous 
system or not is still under debate. Between the aboral 
apertures there is a rounded cellular body, on which there 
is seated, in many cases, a sac containing solid particles, 
like one of the lithocysts of the medusiform Hydrozoa, I 
see no reason to doubt that the rounded body is a ganglion 
and the sac a rudimentary auditory organ. Bands which 
radiate from the ganglion to the rows of paddles may be 
regarded as nerves; though they may contain other than 
nervous structures.* 


♦ Grant originally described a 
nervous gangUonated Hug, wbenoe 
lonHtudlnal cords proceeded in 
Cyaipp%(^Pleurohracnia)y but his 
observation has not been veri- 
fied by subseouent investigators. 
According to Milne-Edwards, fol- 
lowed by others (among whom I 
must include myself), the nervous 
system consists of a miugUon, 
situated at the aboral pole of the 
body, whence nerves rmliatc, the 
most oonspicuous of which are 
eight cords which run down the 
corresponding series of paddles; 


and a sensoiy organ, having the 
characters of an otolithic sac. is 
seated upon the ganglion. Agas- 
siz and Kblliker, on the other 
hand, have denied that the ajv 
pearances described (though they 
really exist) are justly inter- 
preted. And again, though the 
body, described as an otolithic sac. 
undoubtedly exists in the position 
indicated in all or most of the 
CUmophora, the question has been 
raised whether it is an auditory 
or a visual organ. 

These problaras have been re- 



174 THE ANATOMY OF INVEETEBRATED ANIMALS. 


The ova and spermatozoa are developed in the lateral 
walls of the longitudinal canals, which correspond with the 
faces of the mesenteries in the Coralligena, and the sexes 
^ are usually united in the same individual. 

The development of the Ctenophora has recently been 
thoroughly investigated by Kowalewsky and by A. 
Agassiz (‘ Memoii’s of the American Academy of Arts and 
Sciences,’ 1874)* 

Fip. 31. 



Fig. 31. — Diagram of Pleurobrachia.— a, Mouth ; A, stoniach ; r, infun^ 
^buluiD ; dj horizontal canal ; c, one of its branches dividing again 
at/ into two branches which open into the longitudinal canals, < 7 ^, 
parallel with which the ciliated area runs; K sac of the tentacle, 
t, with one of its branches, A ; /, canal running by the side of the 
stomach; m, tentaculigerous canal; na, canals opening at the ab* 
oral apertures, 0 , on each side of the ganglion and liUtocy|tt. 

The laid egg is contaiued in a spacious capsule, and con- 
sists of an external thin layer of protoplasm, which, in some 
cases, is contractile, investing an inner vesicular substance. 


watly reinvestigated with great 
and by the aid of the re> 
metiiods of modem histo- 
ogy, by Dr Ehner, whose de- 


scription of the nervous system 
has already been quoted i»upta^ 
p. 64). 
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After fecundation, the vitellus thus constituted divides into 
two, four, and finally, eight masses ; on one face of each of 
these the protoplasmic layer accumulates, and is divided off 
as a blastomere of much smaller size than that from which 
it arises. By repeated division, each of these gives rise to 
still smaller blastomeres, which become distinctly nucleated 
when they have reached the number of thirty-two, and form 
a layer of cells, which gradually spreads round the large 
blastomeres, and invests them in a complete blastodermic 
sac. At the pole of this sac, on the face opposite to that on 
which these blastoderm cells begin to make their appear- 
ance, an ingrowth or involution of the blastoderm takes 
place, which, extending through the middle of the large 
yelk-masses towards the opposite pole, gives rise to the 
alimentary canal. This, at first, ends by a rounded blind 
termination ; but from it, at a later period, prolongations 
are given off which become the canals of the enteroccele. 

At the opposite pole, in the centi*e of the region corre* 
spending with that in which the cells of the blastoderm first 
make their appearance, the nervous ganglion is developed 
by metamorphosis of some of these cells. 

The invaginated portion of the blastoderm, which gives 
rise to the alimentary canal, appears to answer to the 
hypoblast, while the rest corresponds with the epiblast. 
The large blastomeres which become enclosed between the 
epiblast and hypoblast in the manner described, seem to 
serve the purpose of a food-yelk ; and the space which they 
originally occupied is eventually filled by a gelatinous con- 
nective tissue, which possibly derives its origin from wandt r> 
ing cells of the epiblast. 

In tftose Ctenophora the bodies of which depart widely 
from the globular form in the adult state, the young 
undergo a sort of metamorphosis after they leave the egg, 
and have acquired all the essential characters of the group 
to which they belong. 

As might be expected from their extreme softness and 
perishable nature, no fossil Cien<^h^ra are known. 
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CHAPTER IV. 

THE TXrEBKLLARIA, THE ROTIPPRA, THE TRBMATODA, 
AND THE CE8TOIDEA. 

The Turbellaria. — The animals which constitute this 
group inhabit fresh and salt water and damp localities on 
land. The smallest are not larger than some of the Jn/w- 
soria, which they approach very closely in appearance, 
while the largest may attain a length of many feet. Some 
are broad, flattened, and discoidal, while others are extremely 
elongated and relatively narrow. None are divided into 
distinct segments, except the genus Alaurina, in which there 
are four; and the ectoderm, which constitutes the outer 
surface of the body, is everywhere beset with vibratile 
ciHa. Rod-like bodies, similar to those met with in some 
Infusoria and in many Annelida, are often embedded in its 
substance, and in some genera (e,g„ Microstomum, Thy$ano» 
zoon) true thread -cells occur. Stiff setae project from the 
ectoderm in some species, 

The aperture of the mouth is sometimes situated at the 
anterior end of the body, sometimes in the middle, or towards 
the posterior end, of its ventral face. In many, the oral 
aperture is surrounded by a flexible muscular Up, which 
sometimes takes on the form of a protrusible proboi^is. 

A definite digestive cavity can hardly be said to exist in 
the lowest TwrheUaria (e. g. Comoluia) in which the endo- 
dermal cells are not arranged in such a manner as to bound 
a central alimentary cavity, and the food finds its way 
thsough the interstices of an endodermal piirenohjma. In 
the higher forms, the alimentary cavity, which may be simple 
or ramified, provided with an anal aperture or without one, 
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is lined by the endoderm, between wbicb and tbe ectoderm 
is an interspace more or less completely occupied by tbe 
connective and muscular tissues of tbe mesoderm. Hence 
there is no definite perivisceral cavity. ^ 

Tbe 2Vr6eZZaria possess vessels of two kinds. 1. Water 
vessels, wbicb open externally by one or more pores, and are 
ciliated. When these vessels are present, there are usually 
two chief lateral trunks, from which many branches are 
given off. It is probable that the ultimate ends of these 
branches open into lacunar interspaces between the elements 
of the tissues of the mesoderm. 2. Pseud-heemal vessels, 
which appear to form a closed system, usually consisting 
of one median dorsal and two lateral trunks, which anasto- 
mose anteriorly and posteriorly. The walls of these vessels 
are contractile and not ciliated, and their contents are 
clear, and may be coloured. These two systems of vessels 
have been shown by Schulze to co-exist in Tetrastemma, 
The nervous system consists of two ganglia placed in the 
anterior end of the body, from which, in addition to other 
branches, a longitudinal cord extends backwards on each 
side of the body. In some cases, these lateral trunks 
exhibit ganglionic enlargements, from which nerves are 
given off; and they may become approximated on the 
ventral side of the body, thereby showing a tendency to 
the formation of the double ganglionated chain character- 
istic of higher worms. Most possess eyes, and some have 
auditory sacs. The Turbellaria are both monoecious and 
dioBcious, and the reproductive organs vary from the 
utmost simplicity of structure to considerable coniplexity. 
In most, the embryo passes by insensible gradatic)n8 into 
the fOI'm of the adult, but some undergo a remarkable 
metamorphosis. 

The Twrhellaria are divisible into two groups. In the one. 
the Aprocta, the digestive cavity is ccecal, having no anal 
aperture ; in the other, the Proctucha, it is provided with au 
anal opening. The two groups form parallel series, in each 
of which organisation advances, from forms which are little 
more thnn gastrulee provided with reproductive organs, to 
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animals of relatively higli organisation. In the simplest of 
the Aprocta^ such as Macrostomvm* the oral opening is 
devoid of any protrusible muscular proboscis, and the ali- 
mentary sac is a simple straight bag. The male and female 
generative organs are imited in the same individual, and 
each consists of an aggregation of cells ; which, in the 
former case, gradually enlarge, fill with yelk-granules, 
and become ova ; while, in the latter, they are converted into 
j spermatozoa. The generative cells are contained within a 
I sac, which opens externally by a median pore on the oral 
J face of the body, the male aperture being posterior to the 
female. The margins of the male aperture are produced 
into a curved prominence, the penis. 

Those !Purbellaria which reaemhle JUacrosiomum in having 
a straight, simple digestive cavity, are termed Hhabdocoda, 
They, for the most part, possess a buccal proboscis, which 
is capable of being protruded from, or retracted into, a 
chamber formed by the walls of the circum-oral region of 
the body (Fig. 32, c). 

In some {e.g. Prostomwm) the anterior end of the body is 
provided with a second hollow muscular proboscidiform 
organ, which may be termed the frontal proboecis. 

, In all the higher rhabdoccelous TurbellarUiy the female 
generative apparatus becomes complicated by the presence 
of a special gland, the vitellarium (Fig. 32, m), in which an 
accessoiy vitelline substance is formed. There is a single or 
double germarium (Fig. 32, Z), having nearly the same struc- 
ture as the ovary of Macrostomum, and the ova are formed 
in it in the same way. When detached, however, they con- 
tain no vitelline granules; but the two vitellaria, which are 
long and simple or branched tubes, open into the o^duct ; 
and the vitelline matter which they secrete envelopes the 
proper ovum, and becomes more or less fused with it, as it 
passes into the uterine continuation of the oviduct connected 
with the outer, or vaginal, end of the uterus. There is usually 
a spermatheca, or receptacle for the seminal fluid (Fig. 

♦ E. Van Bcneden, ‘ Recherches Bar la Composition et la Signi6ca- 
0on da rffiuf/ 1670, p. 64. 
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32, A;), and the eggs, after impregnation, are enclosed within 
a hard shell (Fig. 32, n). The testes and vasa deferentia 


Fig. .32. 



Fig. 32. — OpiKtfiomum (after Scl)uUe).— a, Central nervous system; 
ramifications of the water vessels are seen close to it ; 6 , mouth ; c, 
proboscis; testes; e, vasa deferentia ; /, vesioula seminalis; .< 7 , 
penis ; A, sexual aperture ; i, vagina ; spermatheoa ; gennarium ; 
m, vitellarium ; «, uterus with two ova enclosed within their hard 
shells. 

(Fig. 32, d, e) generally have the form of two long tubes. 

The penis is often eversible and covered with spines (Fig. 
32, g). 
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In some genera a difference is observed between the eggs 
produced in summer, which have a soft vitelline membrane, 
and those produced later. These so-called vnnter ova have 
Sard shells. 

\ The water-vascular system consists of lateral trunks, 
which open by a terminal pore, or by many pores, and give 
! off numerous ramifications. They are not contractile, but 
. their inner surface is ciliated. 

Many of the Rhahdocoela multiply by transverse fission ; 
and, in the genus Catenula, the incompletely separated 
animals produced in this way swim about in long 
chains. 

The vitellus of the impregnated ovum undergoes complete 
yelk-division, and the embryos pass directly into the form 
of the parent ; but the precise nature of the steps of the 
developmental process require further investigation. How- 
ever, there seems Kttle reason to doubt that the ectoderm 
and endoderm are foraied by delamination. 

In the remaining Aprocta, termed Dend/roccela, the diges- 
tive cavity gives off many csecal, frequently branched, pro- 
cesses into the mesoderm, one of which is always median 
and anterior (Fig. 33) ; and the mouth is always provided 
with a proboscis. Some (Procotyla) have a frontal proboscis, 
and others (BdeUura) a posterior sucker. The animals 
commonly known as Planari<B belong to this division. Some 
are marine, some fresh-water, and some terrestrial. 

In the fresh- water forms, the female reproductive appa- 
ratus has a distinct vitellarium, as in the higher Bhab- 
doccela, and there is only one common genital aperture. 
But, in the marine Planarioe (Fig. 33), there is no vitel- 
larium ; the ovaries and testes are numerous, and scattered 
through the mesoderm, being connected with the exterior 
by ramifications of the oviducts and of the vasa deferentia. 
A ramified gland» which secretes a viscid albumen or en- 
velope for the eggs, opens into the vagina, and the female 
is distinct from the male aperture. Pla/naria dioica is 
tmisexual. 

In some of the Planarus there are distinct water- vascular 
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canals of the ordinary kind ; but in the land Planarians * 
two nearly simple canals, occupied by a spongy tissue, and 


Fig. 33. 



Fig. 33. — Polycelu {l^ptoplana) tttvtyata (after Quatrefages).— n 
moiilh; 6 , buccal cavity; c, a^gophageal orifice; d, stomach; <, 
ramifications of gastric reeca ; /, ganglia ; 57 , testes ; A, vesiculo* 
semiuaies; i, male genital canal and pt'nis; A, oviducts; sper- 
mathccai dilatation at tlicir junction ; m, vulva. 

the connexion of which with the exterior has not bem 
observed, occupy the place of the water vessels. 

* Mosely, <‘On the Anatomy and Histology of the Land Planarians 
of Ceylon.'* (Philosophical Transactions, 1873.) 
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The fresh-water Planarice, like the Rhabdoccela, undergo 
no metamorphosis in the course of their development ; and 
the like is true of some of the marine Dendroccela. Kefer- 
stein * has carefully worked out the development of Lepto- 
plana {Polycelis)* The vitellus undergoes division first 
into two and then into four equal blastomeres; next, from 
one surface of these four blastomeres, four small segments 
are, as it were, pinched off. These divide rapidly, and 
form a blastodenn, which grows over the more slowly 
dividing large segments, and eventually encloses them. So 
far, the process is very similar to that which has been de-* 
scribed in the Ctenophma, But though Keferstein describes 
and figures the various stages by which the globular ciliated 
embryo attains the form of the adult, neither his descrip- 
tion nor the figures enable one to say whether the alimeu* 
tary cavity ai-ises by delamination or by invagination, nor 
to trace the mode of origination of the buccal proboscis, 
though this organ is one of the first to make its appearance, 
and its aperture becomes the future mouth. 

In some of the marine P/unan’ce, however, the embryo, 
when it leaves the egg, differs very widely from the adult. 
Johannes Muller described such a larva, in which the body 
is provided with eight lobes or processes, one ventral 
and median in front of the mouth, three lateral, and 
one dorso- median. The edges of these processes are 
fringed by a continuous series of ciha, which pass from 
one process on to another, so as to form a complete 
circlet round the body. The successive working of the 
cilia forming this lobed transverse girdle of the body 
produces the appearance of a rotating wheel, as in the 
Eotifera, The eyes are situated on the aboral face of the 
embryo, in front of the ciliated circlet, while the mouth 
opens immediately behind it. As development proceeds, 
the lobes disappear, and the body takes on the ordinary 
Planarian character. 

* ^Beitriige zur Anatomie uad Enti^tickelungscatchichte einigerSce- 
PaDariexif’ 1868 . 
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As will be seen, some of the Proctucha have larv® 
Fig. 31. 



tig. 34. A. — Young Tetntstemma. — aa, central ganglia of the nerrous 
system; bby ciliated foastc ; c, aperture through which the proboscis 
18 protruded ; dy anterior portion of proboscis ; e, posterior muscu- 
lar part, fix^ to the parietes at f ; intestine; k, anal aper- 
ture; i, water-vessels; rhythmically contracting vessels. (After 
Schulze.) B. Anterior extremity of the everted proboscis of 7Wru- 
^emina, exhibiting the principal and tlie reserve stiiets, (After 
Schulze.) 

Similarly provided with a preo-oral ciliated zone ; and larva) 
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of the same fundamental type abound amon^ the polychsB- 
tous Annelida^ the Echinodermata, and the Mollusca. 

The lowest Proctucluiy such as Micyi'ostomum, have no 
frontal proboscis (whence they are termed Arhynchia), and 
they differ very little from the lowest Bhahdoccela, save in 
the fact that there is an anus, and that the sexes are 
distinct. But all the other Proctucha (Bhynchoccela, or 
Nemerteans) are provided with a frontal proboscis, which 
sometimes occupies the greater part of the length of the body 
(Fig. 84). It has special retractor muscles, and its internal 
surface is either merely papillose, or may possess a peculiar 
armature, consisting of a sharp chitinous style (Fig. 34, B). 
There is no buccal proboscis, but the mouth leads into a long, 
straight intestine, with short, lateral, caecal dilatations.* 
The Proctuofia usually present only the pseud-hsemal 
vessels, though, as has been mentioned above, ^hulze found 
water- vessels co-existing with them in Tetrastemirui (Fig. 34). 

The nervous system of the Proctucha is like that of the 
Aproota ; but, in correspondence with the often extreme 
elongation of the body, the backwardly-prolonged cords 
are very stout. Moreover, the ganglia are united by an 
additional commissure over the proboscis, which thus tra- 
verses a nervous ring. In some, the lateral cords approach 
one another on the ventral aspect of the body, and gan- 
glionic enlargements appear where the nerves are given off, 
thus presenting an approximation to the double ganglio- 
nated chain of higher forms. 

In addition to eyes, almost all the Proctucha possess two 
ciliated fossae, one on each side of the head (Fig. 34, 66), 
which receive nerves from the ganglia. Occasionally two 
otolithic vesicles are attached to the cerebral ganglia*. 

The Proctucha are almost always dioecious. The simple 
reproductive glands are lodged in the intervals between the 
saccular dilatations of the intestine, and the ova and sper- 
matozoa usually make their way out by the dehiscence of 

♦ For the organisation of the tosh’s elaborate monograph lately 
Rhynrhocoele Turhellaria^ or published by the Ray Society, 
liemerteana, see Dr. C. Mcln- 
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the integument. In some, however, the embryos are 
developed in the ovarian sacs, or in the cavity of the 
body. In most of the Proottuiha, the egg, after passing 
through the morula stage, acquires an alimentary cavityf 


Fig. 35. Fig. 37. 



Fig. 35-37 , — Pilidium gyrans (after Leuckart and Pagenstccher.) 

•35. Young Pilidium ; u, alimentary canal ; 6, rudiment of the Nemertean. 

36. Pilidium with a more advanced Nemertean. 

37. Newly-freed Nemertean. 

apparently by delamination, and passes, without other 
metamorphosis than the shedding of a ciliated outer 
investment, into the form of the adult. 
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Professor A. Agassiz* has described a free-swimming 
larva, the broad anterior end of the body of which is sur- 
rounded by a zone of cilia, immediately behind which the 
^outh opens ; while, around the anal aperture, at the narrow 
posterior end, is a second circlet of cilia. This larva exactly 
resembles those forms of polychsetous Annelidan larv® 
which are called Telotrocha. As in these Annelids, the 
region of the body which lies between the two ciliated rings 
elongates and becomes segmented, while a pair of eyes and 
two short tentacles ai*e developed on the head in front of 
the prse-oral ciliated band. But, as development advances, 
the segmentation becomes obliterated, the ciliated bands 
and the feelers vanish, and the worm assumes the characters 
of a Nemertean.f 

In species of the genus lAneug, the ciliated embryo which 
leaves the egg is speedily converted into a body like a helmet 
with ear-lappets, and having a tuft of cilia in place of a 
plume (Fig. 35). The lappets are fringed with long cilia, 
and between them, where the head would fit into a helmet, 
is the aperture of a mouth, which leads into a csecal pouch- 
like alimentary cavity. This larva was named by Miiller, 
who discovered it, Pilidium gyrans. On each side of the 
ventral face of the Pilidiurriy two involutions of the in- 
tegument take place. Aggregations of ceils in relation 
with these, and probably forming part of the mesoblast, 
appear, eventually enclose the alimentary canal of the 
Pilidium, and give rise to an elongated veimiform body, 
in which the characteristic features of a Nemertean soon 
become discernible (Fig. 36)* The worm thus developed be- 
comes detached (Fig. 37) and falls to the bottom, carrying 
with it the alimentary canal of the Pilidium, and Ibaving 
the ciliated integument to perish. 

In this remarkable process of development the formation 

♦ “On the Young Stages of a an annectent form between the 
few Annelids.’’ (Annals of the Tvrbellartu and other groups. 
J.,yceum of New York, 1864.) See Schneider, “ Ueber Bau und 

f It if very probable, however, Entwickelung von Polygordius.” 
that thii larva belongs to the genus (‘Archiv fiir Anat. und Physio- 

which appears to be logie,’ 1868.) 
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of the Nemertean body may be compared, on the one hand, 
to that of the segmented mesoblast in Annelida and 
Arthropoda, and, on the other, to that of an Echinoderm, 
(especially Echirms,) within its larva. * 

The Rotifeea. — The “ wheel-animalcules,” as they were 
termed by the older observers, on account of the appearance 
of rotation produced, as in many Annelid larvce, by the 
working of the vibratile cilia with which the oral end of the 
body is provided, were formerly included among the Infu- 
soria, However, they are true Metazoa^ as their vitellus 
undergoes division into blastomeres, and the tissues of the 
body are produced by the metamorphosis of the cells into 
which the blastomeres are converted. They are free or ad- 
herent, but never absolutely fixed animals, and they do not 
multiply by gemmation or fission. The oral end of thej 
body is usujiUy broader than the opposite extremity, and/ 
presents the form of a disk, sometimes produced into ten-! 
tiicle-like prolongations (Fig. 39). The edges of this trochat 
disk are fringed with long cilia, but the general surface ofj 
the body, instead of being ciliated, as in the TurheUaria, is 
formed by a dense, generally chitinous, cuticular layer, 
which is sometimes converted into a kind of shell and 
variously sculptured. Transverse constrictions, which are 
slight in the anterior part of the body, but may become 
more marked towards its posterior end, give rise to an im- 
perfect segmentation. The segments do not appetir to 
exceed six, and the divisions are less marked in the tubi- 
colous than in the free Uotifera, The mouth is a funnel- 
shaped cavity, situated in the middle, or on one side, of the 
troch^ disk. The walls of this cavity are abundantly cili- 
ated, and at the bottom is a muscular pharynx, or mastajc, 
provided With a peculiar armature. Sometimes, as in 
StephanocefoB, a large crop-like cavity lies between the 
mouth and the mastax, and the aperture of communication 
between this crop and the mouth is guarded by a valve 
formed by two broad membranous folds which project into 
the cavity of the crop. The armature of the mastax 



188 THE ANATOMY OF INVEETEBEATED ANIMALS. 


generally consists of four pieces — ^two lateral, tLe mallei, 
and two central, constituting the inms. The contraction 
of the muscular masses, to which the mallei are attached, 
'causes the free ends of the latter to work backwards and 
forwards upon the incus, and crush the prey which is 
taken into the mouth.* 

A short oesophagus, provided with cilia or vibratile mem- 
branes, leads into a digestive cavity bounded by the endo- 
derm. The anterior or gastric part of this cavity is usually 
dilated, and gives off a large caecum on each side. The 
posterior, narrower, intestinal part usually opens externally 
by a cloacal chamber ; but, in some Rotifers {e.g. Notom- 
mata), the alimentary cavity is a blind sac, devoid of 
intestine or anus; and in the males, so far as they are 
known, the whole alimentary canal is aborted and repre- 
sented by a solid cord. 

A spacious perivisceral cavity occupies the interval 
between the walls of the alimentary canal and the parietes 
of the body. The latter contains circular and longitudinal 
muscular fibres, which may be sn^ooth or striated. 

Opening into the cloaca there is usually a large thin- 
walled vesicle with rhythmically contractile walls ; and, in 
connexion with this, are two delicate water-vessels, which 
pass forwards, often giving off short lateral branches, and 
eventually break up into numerous ramifications in the 
trochal disk. The branches are open at the ends, whereby 
the cavities of the water-vessels are in communication with 
the perivisceral cavity on the one side, and with the sur- 
rounding water on the other. Here and there, in the course 
of the main trunks and at the ends of the branches, long 
cilia, which, by their constant undulation, give ribe to a 
flickering motion, are situated. 

The nervous system is represented by a relatively large 
single ganglion placed on one side of the body, near the 
trochal disk. One or more eyespots are sometimes seated 

* See, for the various forms of logues of the Manducating Appa- 
this ap^ratus, Gosse, the ratus in the Rotifera/* (Phil. 

Strueture, Functions, and Homo- Trans. 1855.) 



THE BOTIFBRA. 


189 


on the ganglion, and there are other organs which appear 
to be sensory. Such are the ciliated pit and the spur-like 
process {calcar) or processes, provided at the end with a 
tuft of setae, which occur in many Rotifers, and are more ^ 
or less closely connected with the ganglion. In some there 
is a sac filled with calcareous matter (otocyst ?) attached to 
the gangrlion. 

Fig. 38. 



Pig ^^^Hydatina tenia (after Cohn). — A, female: a, anus; 6, con- 
tractile vesicle ; c, water vessels ; e, ovary ; /, ganglion. B, male : 
tt, penis ; 6, contractile vesicle \ c, testis ; /, ganglion ; setigerous pit. 

The ovarium and the testis ai’e simple glands which open 
into the cloaca, and are always placed in distinct individuals. 
All the males at present known diflfer from the females in 
being much smaller, and in their digestive canal being 
arrested in its development. The males copulate with the 
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females, and the eggs are sometimes attached to, and 
carried about by, the latter — e,g. Brachionus, 

In some Rotifers, the eggs are distinguishable, as in 
•certain TurheUaria, into emtimer and winter ova. The 
latter are enclosed in a peculiar shell. In Ladnulofria, it 
appeared to me that the winter ova were segregated portions 
of the ovarium, and that they were probably developed 
without impregnation. Cohn, on the contrary, has given 
reasons for believing that the summer ova are occasionally, 
if not always, developed without fecundation, and that it 
is the winter ova which are fecundated. 

The egg undergoes complete yelk-division, and the embryo 
gradually passes into the adult form. The blastomeres are 
soon of unequal sizes, and the smaller, as an epiblast, invest 
the larger, which form the hypoblast. 

Salensky’s * recent observations on Brachionus vrceolaris 
show that a depression arises on one face of the epiblast and 
that the antero-lateral parts of this depression are con- 
verted into the trochal disk, while its median posterior part 
grows out into the ‘‘ foot and he points out the resem- 
blance of the embryo in its early stages to that of some 
Gasteropoda. 

An involution of the epiblast at the bottopi of the depres- 
sion gives rise not only to the oral chamber, but also to the 
mastax; eventually communicating with the gastro-intes- 
tinal division, which is developed out of the hypoblast. 
The ganglion is a product of the epiblast. 

Some of the modifications of the general structure thus 
described which occur in the different groups of the Boti- 
fera are of considerable interest. 

Thus, in the tubicolous forms, the body is elongated and 
terminated posteriorly by a discoidal surface of adhesion. 
The animals (of which a number are often associated 
together), fixed by this disk, enclose themselves in cases, the 
foundation of which is a gelatinous secretion. The intestine 
is bent upon itself {Ladnularia, Fig. 39, II.), and opens upon 
the face of the body opposite to that upon which the 
* ‘Zeitechrift fDr Wiw. Zoologie,* 1872. 
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ganglion is placed. The peduncle of attachment is therefore 
a process of the neural face of the body. In these Rotifera 
the trochal disk is sometimes produced into long ciliated 
tentacula, which surround the mouth symmetrically (8te-^ 
phanoceroB — Pig. 39, V.) or its edges may be provided with 
two circlets of cilia, one in front of, and the other behind, 
the oral aperture ; and it may be bilobed o^ horseshoe-shaped, 
as in Melicerta and Lacinularia* (Pig. 39, I, II.). 

In the free Rotifers, the body may be rounded, sac-like, 
and devoid of appendages, as in the genus Asplounchna, 


Fig. 39. 



Fig. 3J.— DiagraiUS showing the arrangement of the cilia of the 
trochal disk in the Rotifera. I. Larval Lacinvlaria. II. Adult 
Lacinularia. III. Philoiina. IV. Brachionus. V. Stepkanoceros. 
M,, mouth ; G, ganglion ; A, anus. 

which has neither anus nor intestine. In Alhertia and 
Lindia, on the other hand, the body is elongated and vermi- 
form. tMost of the free Rotifera ^Pig. 38) are provided with 
a segmented and sometimes telescopically-jointed “ foot,” 
usually terminated by two styles, which can be approximated 
or divaricated like pincers, and serve to anchor the body. 
This foot is a median process of that face of the body which 
is opposite to that on which the ganglion is placed, so that 

* Huxley, Laemularia gocialis, (Tmnsactions of the Microscopical 
Society, 1S51.) 
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it is not the homologue of the peduncle of the tubicolous 
forms. 

Polyarthra and Triarthra possess long, symmetrically 
•arranged, movably articulated set©; and Pedalion has 
median appendages proceeding from both the neural and 
the opposite faces of the body, as well as lateral appendages. 

In most of the free Rotifers the trochaJ disk is large; it 
may be bilobed or folded upon itself (Fig. 39, III.), or its 
surface may give rise to ciliated processes (Fig. 39, IV.). In 
Alhertia and Notommata tardigraday however, the trochal 
disk is reduced to a small ciliated lip around the oral aper- 
ture; and there is no trochal disk in Apsilusy Lindiay 
Taphrocampay and Balatro. Some few Rotifera are parasitic. 
Thus Alhertia is an entoparasite, and Balatro an ectopara- 
site, upon oligochsDtous Annelids. 

Under the name of Gasterotrichay Metschnikoff and 
ClaparMe * include the curious aquatic genera Chcetonotusy 
Ichthydiuniy Chcptiira, Cephalidium, JDasyditiSy Turhandlay 
and Hemidasysy the last of which alone is marine. These 
animals have been united with the Rotiferay but they differ 
from them in the absence of a mastax and in the disposi- 
tion of the cilia, which are restricted to the ventral surface 
of the body. It appears probable that they form an annectent 
group between the Rotifera and the Turhellariay which last 
approach the Rotifera by such forms as Dimphilus, 

The free Rotifers present marked resemblances to the 
telotrochous larvse of Annelids. The young iMcinularUiy for 
example, has a circular prse-oral disk provided with two 
eye-spots and a second circle of cilia behind the month, and,, 
is wonderfully like an Annelid larva (Fig. 39, I.). The ap- 
pendages of Triarthra and Polyarthra may be compared to 
the lateral bundles of long set® of the larva3 of 8pio and 
NerinCy and the pharyngeal armatuire is essentially Anne- 
lidan. On the other hand, in the sessile tubicolous Rotiferay 
the trochal disk assumes the characters of the lophophore in 
the Poh/zoay and of the tentacular circlet of the Gephyrean 

• Clflpsr^e and Metschnikoff, 'Beitrilge sur KenntnlM der £nt- 
wickelungsgeschicbte der Chaetopoden,* 18C8. 
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Phor<y»i9» Many years ago I drew attention to the points 
of resemblance between the Eotifera and the larvae of 
Echinoderms (“On Ladnularia socialis” 1. c.) Of any^ 
such close and direct relations with the Crustacea, I see no 
evidence; but Tedalion* with its jointed setose appendages 
and curious likeness to some Nauplivs conditions of the 
lower Crustacea, suggests that connecting links in this 
direction may yet be found. f In fact, the Botifera, as low 
Metazoa with nascent segmentation, natui*ally present re- 
semblances to all those groups, which, in their simpler 
forms, converge towards the lower Metazoa. 


The Tbematoda. — These are all parasitic, either upon 
the exterior (ectoparasites) or in the intemal organs (endo- 
parasites) of other animals. Many are microscopic, and 
none attain a length of more than an inch or two. Most 
have a broad and flattened form, one face being ventral 
and the other dorsal, and the body is never segmented. 

In the adult, the ectoderm is not ciliated, but its outer- 
most layer is a chit incus cuticula. In most Trematoda, one 
or more suckers are developed upon the ventral surface of 
the body, behind the moutli. These are sometimes armed 
with chitinous spines or hooks; and setae of the same 
character may be developed in other parts of the bodj", 
especially in the region of the head. 

The mouth is usiuilly terminal, but is sometimes v^tral 
Gind sub- central ; it is ordinarily placed in the centre of 
% muscular sucker, rarely proboscidiform. The alimentary 
2 anal is never provided with an anus. Sometimea a simple 


* Hudaon, “On a New Ro- 
tifer.” (‘ Monthly Microscopical 
Journal/ 1871.) 

if The Bin^ilar marine genus 
PcAinoderc* (Dujardin) is perhaps 
uch a link. These are minute 
rormlike animals, with a rounded 
sead, foiiotved by a number (10 
r 11) of distinct segments, the 
of which is bilurcated. 
here are no limbs, but ^he he^d 


is provided with recurved hooks, 
and the body segments 
paired setw. The nervous 
system appears to be represent<‘<l 
by a single ganglion, which lies 
in the head and presents eye- 
spots. The development 
Eckinoderes is unknown. (See 
Greef, ‘Archiv liir Naturge- 
schichte/ l8Git.) 
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sac, it is often bifurcated, and occasionally branched, like 
that of the dendroccele Turhellaria. Sometimes {Amphilinay 
^mphiptyches) the alimentary canal is absent ; and, accord- 
ing to Yan Beneden, it becomes aborted in the adult Distoma 
filicolle. The interval between the endoderm and the 
j ectoderm is occupied by a cellular or reticulated mesoderm, 
I in which abundant muscular fibres are developed. The 
'peripheral muscular fibres form an external circular and 
; an internal longitudinal layer. 

The water-vasculai* system is well developed, and may 
consist of — (1) a contractile sac, which opens externally 
and communicates with (2) longitudinal vessels with con- 
tractile non-ciliated walls, from which proceed (3) non-con- 
tractile and ciliated branches which ramify through the 
body and the ultimate ramifications of which probably end 
by open mouths, as in the Botifera, 

There is no pseud-haemal system. The nervous system 
has not been discovered in all; but, when it exists, it has 
the same arrangement as in the aproctous Turhellaria. 
Eye-spots have been observed, but no other sense-organs. 
With rare exceptions, the Trematoda are hermaphrodite, 
and the reproductive organs are constructed upon the same 
type as in the rhabdocoele Turhellaria, a large vitellarium 
being always present. The accessory vitellus is included, 
in the form of numerous pellets, along with the primitive 
ovum, and is absorbed pari passu with the development of 
the embryo. 

Aspidogaster coiicJiicola (Pig. 40) inhabits the pericardial 
cavity of the fresh-water mussel ; it is a very convenient 
subject for examination on account of its small sije, and 
the ease with which it can be rendered sufficiently trans- 
parent for the display of the arrangement of its internal 
organs, by the judicious use of the compressorium. The 
flat oval body, rounded posteriorly, is produced in front 
into a truncated cone, on the face of which the mouth 
f opens. The ventral sucker is very large, and its surface 
! is subdivided into rectangular areas. There is no peri- 
^ visceral cavity, its place being occupied by a mass of 
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spongy cellular tissue. The oral cavity leads into an 
oval, thick-walled, muscular pharyngeal bulb, whence an 
elongated pyriform sac, which constitutes the rest of th« 
alimentary canal, is continued. This occupies a great | 
part of the body, and extends nearly to its posterior 
end ; but there is no anus. A contractile vacuole placed 
afc the hinder extremity of the body opens outwards by 

Fig. 40. 



Fig. 40 . — AspidopaHer conchirola, — A, arrangement of the alimentary 
and reproductive organs ; profile of the animal in outline, a, mouth ; 
6, muscular pharynx ; c, stomach ; d^ germarium ; e, internal vas defe- 
rens; J\ common viteUarian duct; <7, vitellarium ; A, one of its 
ducts; I, A, oviduct; /, uterus; m, testis; o, vagina; penis, con- 
tinuous posteriorly with the external vas deferens; B, one of the 
latei%l contractile vessels ; C, ramifications of the ciliated vessels. 

a small pore (Fig, 41, a), and gives off two lateral cvm- 
tractile non-ciliated canals (6), which pass to the anfcrii)r 
end of the ventral sucker and there end blindly ; but befort? 
reaching this termination eiK*h gives off a non-contractile 
ciliated vessel, (Fig. 41, c) which, on arriving at the pharynx, 
turns backwards and ramifies through the body. The cilia 
diminish towards the extremities of these vessels, — the t<'r- 
• o 2 
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minations of the corresponding canals in the JRoHfera being, 
on the contrary, richly ciliated. 'No nerves have as yet 
been found in Aspidog aster. 

As in most Tremcdoda, the genitalia (Figs. 40 and 42) form 
a large part of the viscera, and the structure of the com- 
plex hermaphrodite apparatus is in some respects so pecu- 
liar, that it is needful to describe it in detail. It consists 
of — 1. The germarium. 2. The vitellarium. 3. The oviduct. 
4. The uterus and vagina. 5. The common vestibule. 6. 
The testis, 7. The vasa deferentia, internal and external. 

Fig. 41. 



Fig. 41. — A, water-vasoular eyeiem of Amidog<vgter conchicoln ; a, ter- 
minal pore; b, lateral contractile vessels ; c, lateral ciliated trunks, 
that of the left sicjle shaded ; d, dilatation of this trunk ; B, one of 
larger, and C, one of the smaller, ciliated vessels. 

8. The penis and its sac. The ovary {d) is the anterior of 
two rounded masses lying in the sucker. At first sight it 
appears to be oval, but it is, in fact, pyriform, the larger 
end being anterior, while the posterior narrower extremity 
is bent backwards beneath the anterior end. Before it 
reaches the anterior extremity of the mass, however, it is 
bent sharply back again, parallel with itself, and so passes 
into the oviduct (Fig. 40, i). The ovary is surrounded by 
a delicate, but strong, coat, enclosing a mass of transpa- 
rent protoplasm. At the anterior end of the ovary minute 
granules are scattered through this substance, and are oc- 
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casionally surrounded by a faint, clear area (Fig. 43, A 1). 
These are the rudimentary germinal spots and vesicles of the 
future ova, the course of whose development may be readily 
traced by working from the anterior to the posterior ex^ 
tremity of the ovaiy. The genninal spots become larger, 
and gradually assume the appearance of vesicular nuclei ; 
while the clear area around them in like manner becomes 
larger, and acquires more and more the appearance of a 
cavity. While this cavity is small, it has no distinct wall, 
but, as it enlarges, the contour of the wall becomes dis- 
tinctly marked (Fig. 43, A 2, 3, 4). On examining the ovary 
close to the commencement of the oviduct, a division of 
the homogeneous protoplasmic basis or matrix of the ovary 
into areas surrounding each germinal vesicle becomes 
obvious. On the application of pressure, the matrix breaks 
up into masses corresponding with these areas in size, 
which are very flexible, but when left to themselves assume 
a rounded or oval form, and have all the appearance of 
perfect ova, except that they possess no vitelline mem- 
brane, and that the yelk, instead of being granular, is 
clear, and comparatively small. These primary ova, as 
they may be termed, V)ecome detached, and pass into 
the oviduct. Here they are fecundated, and, becoming 
surrounded by a great mass of accessory yelk, and a shell, 
gradually acquire the appearance of the complete ova. 

The accessoiy yelk is the product of the vitellarium — a 
large double gland consisting of a number of oval, pyri- 
form, or iiregular granular masses placed on each side, at 
the junction of the sucker with the body (Fig. 40, g). 

These masses appear to be quite independent of one 
another ; nor do they at first present any obvious commu- 
nication with the genitalia; but if the oviduct, just after it 
becomes free from the ovaidum, be examined, it will be found 
to receive a short duct (Fig. 42,/), filled with strongly re- 
fracting granules of the same nature as those in the vitel- 
larium. This duct is enlarged posteriorly, and then divides 
into two ducts filled with the same matter, which take a 
direction towards the vitellarium, but can be traced no 
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further than they contain granules (Fig. 42). By the 
careful application of pressure, however, the granules may 
he forced from the vitellarium, through an anterior and 
posterior branch upon each side, into these ducts. 

The oviduct (Fig. 42, i) is richly ciliated internally ; it 
is at first applied to the under surface of the ovarium, 
and when it becomes free it receives a canal (e), which 
may be traced back to the testis, and which would appear 

Fig. 42. 


i 



Fig. 42 . — Aspidogcuter concA/co/a.— Reproductive organs on a larger 
scale. Letters as in Fig. 40. The commencement of the eatenial 
Vas deferens is seen behind the vitellarian ducts. 

to correspond with the intemal vas deferens of other 
Trematoda described by Von Siebold.* This canal,*, how- 
ever, presents no dilatation, or internal vesicula seminalis. 
The oviduct next receives the duct of the vitellarium, and 
then becoming much convoluted (k), and rapidly widen- 

♦ The connection of this duct Aspidogaxter^ but I have had no 
with the testis in the Trematoda opportunity of rc-exnminiiig this 
hai recently been denied by animal since the publication of 
Stieda (‘ Mailer’s Arcbiv,’ 1871). Stieda’s paper. 

1 bad no doubt of its existence in 
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ing, passes into the uterus (i), a wide tube, which runs 
foi’wards, disposed in many undulating curves (Fig. 40, Z), 
to terminate on the left side of the anterior part of 
the body, close to the male organs. Posteriorly, the wall^ 
of the uteinis are thin; but in its anterior, or vaginal, 
part they become thick and muscular. The genital vestibule 
into which the vagina opens is very small. 

The testis (m) is an oval body of the same size as the 
ovarium, and situated just behind it. Minute water-vessels 
ramify upon it, as upon the ovarium ; and it contains a 
granular and cellular mass, but no spermatozoa. The 
external vas deferens (Figs. 40 and 42) is a delicate duct, 
which passes forwards and comes into contact with the 
ovarium, without, however, so far as I could observe, com- 
municating with it or with the oviduct; it then bends 
backwards and upwards, passing between the anterior vi- 
tellaiian masses into the fore part of the body. Here it 
suddenly becomes about twice as wide as before, and runs 
forwards, as an undulating thick tube, to the penis (Fig. 
40, p), a short and conical body, occupying the bottom of a 
large pyriform sac, which opens in common with the uterus. 
The spermatozoa are linear. 

The development of the ova presents many very interest- 
ing peculiarities (Fig. 43). Above the junction of the duct 
of the vitellarium with the oviduct the contents of the latter 
were pale and clear, and presented no formed particles 
beside the primary ova which had just been detached from 
the ovarium (Fig. 43, C). Below the insertion of the vitel- 
larian duct, however, the oviduct was full of granules like 
those in the vitoihu'ium, mixed up with ova in a more ad- 
vanced state. In the smallest of these (Fig. 43, D i, the 
shell of the ovum had commenced, but was incomplete at one 
end. At the opposite extremity, it enclosed a mass of irre- 
gularly aggregated vitelline granules, which covered almost 
one-half of a round pale mass, not larger than one of the 
primary ova; in which, however, three nuclei (two of which 
were very close together, as if they had just divided) were to 
be distinguished. In more advanced ova the shell was 
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complete, but either colourless or of a very pale brown hue. 
In some of these the primary ova contained many nuclei 
and were imbedded in and surrounded by, a confused mass 
€of accessory yelk granules ; while in others these granules 
were aggregated into a number of regular spheroidal masses 
(Fig. 43, B). 

As development proceeds, the accessory yelk-masses gra- 
dually disappear; the primitive o\mm, now become the ho- 


Fig. 43. 



Fig. 43. — Aspid ygaster conrhirola.—\^ section of the ovary ; 1, its an- 
terior end ; 1*, germinal spot surrounded by a distinct wall ; 3, 4, a 
complete germinal vesicle and spot; C, a primary ovum; D, young 
state of a complete ovum : the primary' ovum partially surrounded 
by yelk granules and a shell; B, complete ovum, with the accessory 
yelk aggregated into spheroids; £, vacuolated embryonic mas):^; 
F, embryo. 

mologiie of the blastodermic disk or vesicle in other aiiimals, 
to all appearance increasing at their expense. At the same 
time, clear rounded vacuoles in various numbers appear in 
its substance; but the nuclei of the germ, though very 
minute, can, with proper care, be readily detected between 
these. In the hnal stages the shell becomes bi*owner, tht^ 
vacuoles and granules disappear, and the substance of th(^ 
embryo appears homogeneous. But if carefully examined, 
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the minute nuclei become visible, especially if water be 
allowed to act on the tissue, and, if the shell be burst, 
and its contents poured out, they readily break up into 
small but well-marked cells, each with its nucleud*! 
At the same time, the embryo takes on a form not very 
distantly resembling that possessed by the adult; into 
which it eventually passes without any metamorphosis.’*'' 

Thus it appears that, in AspidogasteTf the ovarium gives 
rise to primary ova, which pass down the oviduct and 
become fecundated, either by the spermatozoa conveyed 
by the internal vas deferens, or by those received by the 
vagina when copulation with another individual or, pos- 
sibly, self -impregnation, occurs; that, next, the essential 
part of the process of “ yelk-division ” takes place, the 
germinal spot dividing and subdividing, and the primary 
ovum becoming in this way converted into the spheroidal 
blastoderm ; that, contemporaneously, the blastoderm be- 
comes invested by the accessory yelk granules poured in by 
the vitellarian duet, and by a shell ; that the accessory yelk 
arranges itself into spheroidal miisses, which probably 
supply the blastoderm with the means of its constant en- 
largement; and that, finally, the accessory yelk disappears, 
and the blastoderm becomes converted into the embryo. 

The modifications exhibited by other Treviatoda concern 
the number of the suckers, of which there are usually 
several in the ectoparasites, but not more than one in the 
endoparasites ; their support on a chitinous framework, or 
the addition to them of spines or booklets, simihir to thov^e 
of Cestoidea or Acanthocephala : the bifurcation of the intes- 
tmal canal, and the ramification of its branches, so that the 
forms of the alimentary appanitus repeat the two extremes 
observed in the aproctous Turbelkiria; the existence of 
two nervous ganglia with a single tnmsverse commissure 

* The Bubstance of thU ac- Benoden has recently thrown 

count of the structure mui de- much light on the mode in which 

velopmcnt of with the ova of the TremtUoda are 

illustrative fif^res, was pub- formed and developed in his 

iished in 1856 in The Medical * Kecherches sur la composition 

7i/a«f a^id Gazette. M. K. van et la signification de TCEtu,* 
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in many ; and the occasional presence of sensory organs 
(eye-spots). The non-contractile canals of some genera are 
destitute of cilia, except at their inner terminations. 

^ The variations of the reproductive organs are rather 
of position than of structure. Dioecious Trematodes 
are very rare, the most important being the formidable 
JBilharzia, the male of which is the larger and retains the 
female in a gyncecophore, or canal, which is formed by the 


Fig. 44. 



Fig. 44. — A, B, Monostomum mutabile ; A, the ciliated embryo (a) 
enclosing the zooid, (6,) represented free in B (after Sicbold) ; C, 
Rndia, or king’s yellow worm of DUtoma pncificvmy containing 
germs of other Redicb ; D, Redia containing Cercariee (a) ; E, Cer- 
caria; F, JJUtnma, which results from the metamorphosis of the 
Cercaria, (After Steenstrup.) 

infolding of the margins of the concave side of the body. 
BUharzia has neither intromittent organ nor seminal pouch, 
and the history of its development has not been traced be- 
yond the escape of a ciliated embryo from the ovum. This 
parasite is found in the blood vessels of man, chiefly in 
those of the urinary organs, the ova escaping from the 
body through the ulcerated surfaces to which the parent 
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gives rise. In the ectopara<sites, the embryo passes into 
a form identical with or closely resembling that of the 
parent while still within the egg, as in Aspidogaster. When 
this happens (e.g. Distoma variegatum, D. tereticolle), tht? 
one end of the embryo is often provided with spines, and 
it is capable of slow creeping movements. But, in most 
of the endoparasites, the embryo leaves the parent as a 
morula, which is usually ciliated. Thus, in Distoma lanceo- 
latum, D, hepaticum, and Monostomum mutabile, the embryo 
which escapes from the egg has a ciliated investment, which 
propels it rapidly through the water, and may be provided 
with eyespots and water- vessels (Fig. 44, A). On becoming 
attached to the animal upon which it is parasitic, the embryo 
of Monostomum gives exit to a larva, having the form of a 
cylindrical sac with two lateral prolongations and a taper- 
ing tail. The Media, as this form is called (Fig. 44, B, C), has 
a mouth and a simple caecal intestine, but no other organs. 
In its cavity a process of internal gemmation takes place, 
giving rise to bodies resembling the parent in shape, but 
destitute of reproductive organs, and furnished with long 
tails, by which they are propelled. These creatures, called 
Cercarice (Fig. 44, E), escape by bursting through the Media, 
and, after a free swimming existence, penetrate the body 
of some other animal, their tails di*opping off. They 
then become encysted, and, under suitable conditions, 
assume the adult form, and develope reproductive organs 
(Fig. 44, F). 

The cycle of forms through which Distoma militare passes 
has been nearly completely traced, and may be briefly stated 
as follows. Ist. The parent form, whose habitat is the in- 
testines of water-birds, bears on its anterior extremity two 
alternating circles of larger and smaller booklets, and a 
few others, irregularly disposed. Rings of papillae give the 
centre of the body an onnulated aspect. The mouth, almost 
terminal, leads into the long straight digestive caecum. 
The generative organs are similai* to those of Aspidogasfer ; 
the testes are, however, double, and lack the internal 
vas deferens. The ova are few, eight or ten in number. 
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2nd. From each ovum issues a ciliated larva, showiug tlie 
rudiments of, 3rd, a Bedia, but the mode of development of 
the latter has not been fully traced. The perfect Bedia is 
?ound attached to the body of a water snail (Paludina), 
the ciliated investment having disappeared. It consists of 
a sac, within which is suspended a tubular bag, containing 
coloured masses, probably alimentary. Anteriorly, the 
head is represented by a kind of crown, in which no oeso- 
phagus exists as yet, and not far from the posterior ex- 
tremity the two lateral projections, characteristic of Disto- 
matous Bedice, appear. During the rapid growth of the 
zooid, the head becomes marked off by a constriction, and 
a mouth and gullet, with a pharyngeal dilatation, admit 
aliment to the digestive sac. In the body cavity, external 
to this sac, vesicles appear, rapidly increase, and take the 
form of CercancB ; the Redm bursts, and these new zooids 
are set free. 4th. The Cerearia has a long tail with lateral 
membranous expansions, by means of which it swims after 
the fashion of a tadpole. The pharyngeal bulb is fol- 
lowed by an cBsophagus, which, opposite the ventral sucker, 
divides ; the two branches ending in a c«ecum on either 
side of the contractile vacuoles of the water-vasciilar 
system. These are median, the terminal quadrate chamber 
opening into an anterior circular one, whence are given 
off the two main canals which traverse the body longi- 
tudinally, and are then lost. 5th. After swimming about 
freely for a while, the Cerearia fixes itself upon, or bores 
its way into, a Paludinn ; the tail dropping off, and the 
body coating itself with a stimctureless cyst, in which it 
remains quiescent, undergoes some further advances 
in development, the coronal booklets making their appear- 
ance. 6th. When a Paludina, thus infested, is swallowed by 
a water bird and digested, the cysts are set free in the 
alimentary canal of the bird ; sexual organs appear within 
the included Distoma ; the body elongates and narrows an- 
teriorly ; the sucker moves nearer the head, and the coronal 
circlets reach their full development. The Distoma gra- 
dually assumes the form of the parent, attaches itself by 
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its booklets to the intestinal walls, and acquii-es complete 
sexual organs.* Thus the developmental stages of Distoma 
militare maybe summed up, as : 1. Ciliated larva. 2. Bedia.^ 
3. Cercaria. 4. Cercaria, tail-less and encysted, or incom- 
plete Distoma, 5. Perfect IKa^oma. 

The stages of transition vary in different genera. Thus, 
several generations of Bedioe may intervene between the 

Fig. 45. 



Fig. 4.5. — Bucephalus m}lymorphus of the fresh-water mussel. A, 
ramihod sporocyst; B, portion of the same more magmfted, 
outer coat, b, inner; c, a, germ masses in course of development ; 
C, one of the germ masses more highly magnified ; D, Buctjthalvsy 
a, by suckers ; c, clear cavity ; t/, caudal appendages. 

third and fourth stages ; or the mature animal may appear 
at tlie close of this stage, having undergone no Cercariaii 
metamorphosis. 

In Bucephalns polymorphus, a parasite of the fresh-water 
mussel (Fig- 45), two caudal appendages, which seem to 
correspond with the tail of the ordinaiy Cercariw, become 

♦ Van Beneden, * Memoire sur les Vers Intestinaux.* 
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enormously elongated. They are converted into ramified 
tubes called sporocyats, which sometimes occupy all the 
^interspaces of the viscera of the mussel. These develops 
new Bucephali by internal gemmation. The Trematode 
condition appears to be the genus Ociaterostommn, which 
inhabits fresh-water fishes. 

The Sporocysts, Redise, and Cercariffi, free or encysted, 
are found almost exclusively in invertebrated animals, 
while the corresponding adult Trematodes are met with in 
the vertebrated animals which prey upon these Invertehrata, 

The singular double-bodied Diplozoon paradoxum has 
been shown by Von Siebold to result from a sort of conju- 
gation between two individuals of a Trematode, which, in 
the separate state, has been named Diporpa. The Diporpce, 
when they leave the egg, are ciliated and provided with two 
eyespots, with a small ventral sucker and a dorsal papilla. 
After a time the Diporpce approach, each applies its ventral 
sucker to the dorsal papilla of the other, and the coadapted 
parts of their bodies coalesce. They acquire fully developed 
sexual organs only after this union.* 

Gyrodactyhis multiplies agamically by the development of 
a young Trematode within the lx)dy, as a sort of internal 
bud. A second generation appears within the first, and 
even a third within the second, before the young Gyro- 
ddctyhis is bom. 

The Cestoidea. — The Tape- worms arc all endoparasites, 
and, in their adult condition, infest the intestines of verte- 
brated animals. 

The simplest form known is Caryophyllceus,f found in 
fishes of the Carp tribe. It has a slightly elongated body, 
dilated and lobed at one end, so ks**td resemble a clove, 


♦ Zeller, “ Untersuchungen 
fiber die Entwickelung des 
Diplozoon jmradoxum.” C Zeit- 
iohrift ffir Wise. Zoologie,* 1872.) 

t See the * Memoire sur les V ers 
Intestinaux,* 1858, by M. P. J. 
ran Beneden, to which 1 am much 


indebted for information respect- 
ing this and other genera of 
C*9t»ndea which have nol fallen 
under my own observation. Also 
Leurkart, ‘ Die Menicblichen 
Parasiten,’ 1863; and Cobbold, 
‘ Entozoa.* 
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whence the name of the genua. In structure it reaemhles 
a Trematode, devoid of any trace of an alimentary canal, 
but provided with the characteristic water- vascular system 
and with a single set of hermaphrodite reproductive organs. 

In Ligula, the body is much elongated, and, at the 
head end, exhibits two lateral depressions. It is not 
divided into segments, but there are numerous sets of 


Fig. 46. 



Fig. 46.— Diagram of the structure of a Cestoid worm, with only one 
joint. The position of the hooks of a Tmnia, and of one of the pro- 
boscides of a Tetrnrhynchus is indicated. A, head and neck ; B, 
segment of the body corresjwnding with a proglottis ; a, rosttl/um ; 
6, r<>8tell8r spines (7rf*ni«); c, v\ c", spinose eversible proboscis 
( Tetrarhynchw) ; d, sucker ; c, ganglion (?) ; /, lateral, and circular 
water vessel ; A, ramifications of the water vessels ; 4, anastomosing 
trunk; i, contractile vacuole; /, genital vestibule; m, penis and vns 
deferens ; «, vagina , o, common cavity and vesicula setmnulis uUertor ; 
p, ovary ; 9, uterus ; r, vijLgliarian duct. 

sexual organs arranged in longitudinal series. The open- 
ings of the genital glands are situated in the middle line of 
the body. These parasites inhabit Fishes and Amphibians, 
as well as water birds, but they attain theii* sexual state 
only in the latter. 

In the more typical Cestoidea the body is elongated, and 
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presents, at one end, a head provided with suckers, and very 
generally with chitinous hooks, either disposed circularly 
around the summit of the head, or upon proboscidiform 
tentacles, which can be retracted into, or protruded from, 
the head. Sometimes the head is produced into lobes ; and 
jvery generally, when lobes or tentacles exist, they are four 
jin number, and are disposed symmetrically round the head. 
|A short distance beyond the latter, the slender body widens 
land becomes tr^sversely grooved, so as to be marked out 
iinto segments. Longitu&ial water- vessels run parallel 
with one another through the body, and are connected by 
transverse trunks in each segment, and by a circular vessel 
in the head. In Bothriocephalus latics, the principal trunks 
are occupied by a spongy reticulated tissue. 

In most of the tape- worms, innumerable, solid, strongly 
refracting corpuscles are scattered through the substance 
of the body (Fig. 48, A). It is probable that these are more 
or less calcified connective tissue corpuscles. Similar bodies 
which occur in some Trematoda were found by ClaparMe 
to be lodged in dilated ends of the water- vessels, but it would 
appear that they are not so situated in the Cestoidea* 

The distance between these transverse grooves, and their 
depth, increase towards the hinder end of the body ; and each 
segment is eventually found to contain a set of male and 
female organs. The genital organs are constructed upon the 
same general plan as those of the Trematoda, but the uterus, 
as it fills with ova, usually takes the form of a ramified sac. 
At the extreme end of the body, the segments become 
detached, and may for some time retain an independent 
vitality. In this condition each segment is termed a pro- 
glattis ; and its uterus is full of ova. 

The embryo is developed in these ova in the same way as 
in the Trematoda ; and, as in the latter group, it may either 
be ciliated (as in Bothrioceplmlm) or non-ciliated, which 

♦ Sommer and Landois, “Ueber logic,’ 1872.) Leuckart, however, 
den fiau der geschlechtsreifen maintains the contrary opinion, 
Glieder von Bothriocephalus la- ‘Die Menschlichen Parasiten,’ p. 

(^Zeitschriftfur Wits. Zoo- 175. 
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last is the more usnal case. The embryo is a solid morula, 
on one face of which four or six chitinous hooks, disposed 
symmetrically on either side of a median Hne, are deve- 
loped. 

If the egg is placed in appropriate conditions, the hooked 
embryo emerges from the shell, and rapidly increases in 
size. After a time, a cavity appears in the midst of the 
cells of which the morula is composed, and a chitinous 
cuticula is developed upon the outer surface of the embryo. 
Ramified water- vessels make their appearance in the wall 


Fig. 47. 



Fig. 47. — Riagrnms illustrative of the relation between 7<mta, Cyftt- 
cerms^ Canuru.% an<l Ijckinococcus.— B, young TatnicB in the Sco/e.r 
stage, the latter with an enlarged rectfptaculum Scoiicts, into which 
the head and neclc are withdrawn in C, Ci/t^ticercwt ; D, Canurus ; 
£, hypothetical condition of Echinococcus^ in which “ Ttenia heads” 
ore developed only on the inner surface of the primajy cyst; F, 
Echinococcus with secondary cjsts; (i, embryo Ta'nia (aficr Stein), 

of the spheroidal sac thus formed, and in some cases open 
by an external pore. There is, therefore, a veiy close 
resemblance between this cestoid embryo and the sporocyst 
of a Trematode. 

When the saccular embryo has attained a certain size, a 
thickening and invagination take place, usually at one 
[T(Bnia), sometimes at many (Camurus, Echinococcus), points 
of its wall. The invagination of the wall elongates inwards, 
and becomes a csdcuiu, the cavity of which opens outwards. 
At the bottom of the interior of this emeum, and therefoi^ 
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on what is morphologically its external surface, the hooks 
of those species which possess them are developed, while, 
upon the side- walls, elevations arise, which become con- 
verted into suckers. The csecum is next evaginated or turned 
inside out, and the embryo has the fonn of a phial, of 

Fig. 48. 



Fig. 48. — Echinococcus veterinorum. — A, ** Taenia head,” or Scolex ; 
hooks; suckers; c, cilia in water vessels; rf, oval, strongly retract- 
ing particles, B, single hooks; C, portion of the elastic cyst, a; 
with the inner membranous primary cyst, b ; c and e, Scolices develop- 
ing from its inner surface ; d, a secondary cyst. 

which the evaginated caecum forms the neck. Round its 
apex are the hooks, and below these the suckers, forming a 
complete Cestoid head ; while the sac answers to the body 
of the phial. The original hooks of the embryo are cast 
off in the course of this process. 
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If the eggs of the Tape-worm have passed into the alimen- 
tary canal of an animal in which the worm is unable to 
attain its sexual condition, the hooked embryo, as soon as 
it is hatched, bores its way through the walls of the alimen- 
tary canal, and eventually becomes lodged in the connective 
tissue between the muscles, or in the liver, or in the brain 
or eye. Here it goes through the changes which have been 
described, and, generally, the sac undergoes very great dila- 
tation, The region of the wall of the sac to which the 
cestoid head is attached becomes invaginated, and thus 
is enclosed within a chamber, the parietes of which are 
really constituted by the outside of its own body. In this 
condition, the animal is what is termed a Cystic worm, or 
bladder-worm ; and when there is only one head it is a 
Cysticerem, In the genera Ccenurus and Echinococcus the 
cystic worm has many heads ; and, in Echinococcus, the struc- 
ture of the cystic worm is still further complicated by its 
proliferation, the result of which is the formation of many 
bladder- worms enclosed one within the other, and contained 
in a strong laminated sac or cyd, apparently of a chitinous 
nature, secreted by the pai*a8ite (Fig. 48). 

In the Cystic condition, the Tape- worms never acquire 
sexual organs ; but, if transported into the alimentary canal 
of their appropriate hosts, the heads become detached from 
the cysts, and, rapidly growing, give rise to segments, which 
become sexual proglottides. The Tape- worms are rarely met 
with in both the cystic and cestoid conditions in the same 
animal ; but the cystic form is found in some creature which 
serves as prey to the animal in which the cestoid form 
occurs. Thus : — 


Cystic Form, 
Cysticercus cclluloscc, 
(Muscles of the Pig) 

Cysticercus ? 

(Muscles of the Ox) 
Cysticercus pisiformis. 
(Liver of the Rabbit) 


Cestoid Form. 
Taenia solium. 
(Man) 

Taenia mediocauellata. 
(Man) 

Taenia serrata. 
(Dog, Fox) 

p 


2 
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Cystic Form. Cestoid Form. 

Cysticercus fasciolaris. Tcenia crassicollis. 

(Liver of Rats and Mice) (Cat) 

Coenurus cerehralis. Tcenia ccenurus, 

(Sheep’s brain) (J^og) 

Echinococcus vetcrinorum. Tccnia Echirwcoccus. 

(Liver of Man and of (Hog) 

domestic Ungulata) 

The embr }"0 of Tcpnia cucumcrina passes, in the body of the 
Dog-loose {Trichodcctes cam«), into a Cysticercoid, or minute 
nnjointed and sexless Taenia, without any terminal dilata- 
tion. The dog devours the louse and the Cysticercoid 
becomes a Tcenia cucumerina in his intestine. The eggs of 
the Tccnia, contained in faeces adherent to the hair of the 
dog, are in turn devoured by the louse, and thus the “ vicious 
circle ” of parasitism is maintained. 

The cystic Tetraphyllidea frequent osseous fishes, their 
sexual maturity being attained in the bodies of Plagio- 
stomes. The head is provided with four suckers, or lobes, 
which may be stalked and unarmed, as in EcheneibothHum, 
or furnished with booklets as in Acanthobothrium ; while, in 
Tetrarhynchus, four proboscidiform tentacles, thickly set 
with booklets, are retracted into sheaths alongside of the 
suckers (Fig, 46). 

The Diphyllidea have two suctorial disks, two armed 
rostellar prominences, and a collar of booklets on the neck. 

The migrations of the PseudophyUidea are chiefly from 
fishes and amphibians to water birds, one genus {Bothrio- 
cephalus) containing species which enter the human body, 
probably in the flesh of fresh- water fishes. The head has 
neither suckers nor lobes, but is deeply grooved on either 
side. In Bothriocephalus the genital apertures are in the 
middle of each segment. The embryo is ciliated, and swims 
actively in water. Recent experiments tend to show that 
the development of the embryo in this genus may take 
place directly, or without the intervention of a Cydicercus 
atage. 
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It is obvious that the Cestoidea are very closely related 
to the Trematoda. In fact, inasmuch as some of the latter 
are anenterous, and some of the former are not segmented^ 
it is impossible to draw any absolute line of demarcation 
between the two groups. It would appear that the Cestoidea 
are either Trematodes which have undergone retrogressive 
metamorphosis and have lost the alimentary canal which 
they primitively possessed ; or that the> are modifications 
of a Trematode type, in which the endoderm has got no 
further than the spongy condition which it exhibits in 
Convoluta among the Tarbellaria, and in which no oral aper- 
ture has been formed; or lastly, it is possible that the 
central cavity of the body of the embryo Tcenia simply 
represents a blastocojle. 

If the Cestoidea are essentially Trematodes, modified by 
the loss of their digestive organs, some trace of the diges- 
tive apparatus ought to be discoverable in the embryo tape- 
worm. Nevertheless, nothing of the kind is disceniible, 
unless the cavity of the saccular embryo is an enterocoele. 
And if this cavity is a blastocoele, and not an enterocoele. 
it may become a question whether the tape- worms are any- 
thing but gigantic morula*, so to speak, which have never 
passed through the gastrula st^ige. 
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CHAPTER V. 

THE HIRUDINEA, THE OLIGOCH.ETA, THE POLYCHiETA, 
THE GEPHYREA. 

The Hirudinea. — The Leeches are aquatic or terrestrial, 
more or less distinctly segmented, vermiform animals, most 
of which suck blood, though some devour their prey. The 
ectodei-m is a cellular layer, covered externally by a chiti- 
nous cuticula, and except in Malacohdcllay devoid of cilia. 
Very commonly it is marked by transverse constrictions 
iinto rings, which are more numerous than the true somites, 
as indicated by the ganglia and the segmental organs ; and 
simple glands may open upon its surface. One or more 
suckei*8, which serve as organs of adhesion, are developed 
upon it. In some i Acanthobdella) bundles of seta? are pre- 
sent; in others {Branchellion) the sides of the body are 
produced into lobe-like appendages ; but none have true 
limbs, unless the lateral appendages of Histriohdella are 
to be considered as such ; nor are the anterior segments 
of the body so modified as to give rise to a distinct 
head. 

The mouth is generally situated at the anterior end of 
the body ; the anus at the opposite extremity, on the dorsal 
side of the terminal sucker. The buccal cavity may be armed 
j with several seiTated chitinous plates, as in the Medicinal 
i Leech, where there are three such teeth. By their aid the 
Leech incises the skin and gives rise to the well-known 
tidradiate mark of a leech-bite. The buccal cavity usually 
opens into a muscular, sometimes protrusible, pharynx, from 
which a narrow oesophagus leads into a stomach, which is 
frequently produced into lateral cseca. In the Medicinal 
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Leech (Fig. 49), for example, there 
are eleven pairs of such caeca, in- 
creasing in length and capacity 
from before backwards. From the 
stomach a narrow intestine leads 
to the anus. In Malacohdella the 
alimentary canal is a simple tube 
bent several times upon itself. The 
alimentary canal is lined by the 
cells of the endoderm, and the 
space between them and the ecto- 
derm is occupied by the mesoderm, 
which contains abundant connec- 
tive and muscular elements, and 
is excavated by the blood-channels, 
which sometimes have the form of 
wide sinuses, but in other cases 
are comparatively narrow vessels 
with definite walls. 

In the lower Hinidinea, as Clep- 
sine, the sinuses and vessels appear 
to fonn one continuous system of 
cavities containing a tiuid which 
must be regarded as blood. But 
in the Leech, a distinct pseudhoc- 
mal vascular system has attained 
a great degree of definition and 
complexity : it consists of (1) a 
median dorsal trunk ; (2) a meditin 
ventral trunk, in which the gan- 
glionic nerve-chain lies; (3, 4) two 
wide lateral longitudinal trunks 
(Fig. 50). These anastomose with 
one another, and give off numerous 
branches, which open into a rich 
capillaiy net-work, situated in the 
muscular layer of the mesoderm, 



* * Die Menscblichen Parasiton,* ISGS. 


Fig. 49.— -A longitudinal and vertical section of the body of the Leech {Hirudo tnfdicinalis)^ after Leuckart*-- 
</, the mouth ; 6, />, />, sacculslions of the alimentary canal ; c. the anus ; d, the terminal sucker; c, the cerebral 
ganglia ; /, the chain of podt-opsophageal ganglia ; y, y, y, the segmental organs. ^ 
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and on the segmental and reproductive organs. Tlie fluid 
contained within these vessels has a red colour, and con- 
tains no corpuscles. 

* More or fewer of the segments of the body are provided 

Fig. 50. 



Fig. 50. — A diagrammatic view of the arrangement of the principal 
vessels of the leech {Hirudo medicinalix\ after Gratiolet. The inner 
surface of a portion of one-half of the body is depicted: a, a, the 
ventral trunk ; e, e\ c*', the lateral trunk and its branches ; tlie 
dorsal trunk and its branches ; y, the slender transverse trunks 
which branch out at each end ; A, i, the transverse ventral branches 
of the lateral trunk ; A, Z, the branch to the testis (c), and the seg- 
mental organ {d) ; m, branch from the dilatation on the testis to the 
parietal plexuses ; 6, 6, vas deferens. 

with what are termed segmental organs. These are tubes 
which open externally on the ventral wall of the body, 
while at their other extremities they either open into the 
siimses by ciliated mouths {Cl&psine), or form a closed 
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and more or less reticulated non-ciliated coil {Hirudo ). ' 
These obviously answer to the ciliated water- vessels of the 
Turhellaria and Trematoda. 

The nervous system consists of a cerebral mass in front* 
of the mouth, proceeding from which, on each side, is 
a commissure connecting it with a ventral cord on which 
ganglia, corresponding in number with the somites of the 
body, are developed. In Malacohdella, these cords are lateral 
and wide apart, but, in all the other Hirudinea, they come 
close together behind the mouth, and occupy the middle line 
of the ventral face of tlie body. In the Leech, according to 
Leuckart, there are originally thirty pairs of post-oral gan- 
glia, but the seven posterior and the three anterior pairs 
coalesce, so that only twenty-three pairs are distinguishable 
in the adult. Nerves are given off to the pharynx and 
intestines, and the former develope special ganglia. 

Simple eyes are usually present on the anterior or oral 
segment, and receive nerves from the supracesophageal 
ganglia. In the Leech these eyes are situated in the first 
three segments. Cup-shaped depressions of the integu- 
ment of the anterior segments of the body, lined by peculiar 
glassy cells and in relation with nerves which terminate in 
fine filaments, have been discovered by Leydig in 8evei*al of 
the Hirudinea* 

The elongated spindle-shaped muscle-cells of the body 
are abundant, and are disposed in a superficial circular, 
and deep longitudinal layer, while dorso-ventral bands 
pass from the dorsal to the opposite body-w’all. 

Malacohdella and Histrlobdella are dioecious, but the other 
Hirudinea are hermaphrodite. The male organs consist of 
numerous testiculai* sacs, situated on each side of the body, 
and connected by a vas deferens, which usually opens into 
a sac, terminating in an evoi*8ible penis. The spermato- 
zoa are often enclosed in a case or epennatophore. The 
female organs, much smaller than the male, consist of 
ovaries, with oviducts opening into a vagina. The vaginal 
orifice is behind that of the penis. In the Leech tlie eggs 
♦ * Archiv fUr Anatomieuud Pliysiologie,’ 1861. 
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are enclosed in a sort of cocoon, formed by a viscid secre- 
tion of tbe integument. 

The observations of Ratbke and Leuckart on the de- 
velopment of Nephelia, Clepaine^ and Hirudo show, that, 
after the division of the vitellus into a few equal- sized 
lai’ge blastomeres, small blastomeres are separated from 
the large ones (as in the Ctenophora and Polycelis), and the 
rapidly multiplying small blastomeres form an investment 
to the slowly-dividing large ones. This investment is the 
epiblast, and becomes the ectoderm, while the included 
larger blastomeres are eventually converted into the cells 
of the endoderm. At one end of the body the oral aperture 
appears, in some cases {e.g. Nephelis) suiTounded by a 
raised lip, as in the embryo Planarian ; and the embryo 
passes into the Gastrula stage. The body now elongates 
and, on the ventral face, the mesoblast makes its appear- 
ance as a layer of cells, sometimes divided into two longi- 
tudinal bands, separated by a median interval. Three pairs 
of segmental organs, which have only a temporary existence 
and have been regarded as primordial kidneys, are developed 
at the posterior end of the body. The mesoblast next 
becomes divided transversely into the number of somites 
of which the body is eventually composed; the division 
firat making its appearance on the ventral face of the body. 
A pair of ganglia, probably derived from the epiblast, is 
developed in each segment. 

Thus, in the Leeches, the segmentation of the body is 
the result of the segmentation of the mesoblast, which 
becomes the mesoderm of the adult. And it is this seg- 
mentation of the mesoblast, and consequently of the meso- 
derm, which constitutes the most important difference be- 
tween the Leech on the one hand, and the TurbeUarian and 
Trematode on the other. 

On the other hand, in the development of a mesoblast 
which undergoes division into segments, the Leeches 
exhibit the fundamental character of all such segmented 
Invertebrates as the chaetophorous Annelida and the Arthro- 
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The Oligoch^ta. — The Earthworm {lAmhricua) and 
fresh-water worms {Naist Tuhifex, Chastogaster)^ which are 
included under this name, are closely allied with the Leeches^ 
in the essential points of their structure and development, 
much as they differ from them in habit and appearance. 

They have elongated, rounded, segmented bodies, often 
divided by many superficial transverse constrictions into 
rings, which, as in the Leeches, may be more numerous than 
the proper somites. There are no limbs, but each segment ! 
is usually provided with two or four sets of longer orl 
shorter chitinous setae, which are developed and lodged , 
in integumentary sacs. The outermost layer of the ecto- ' 
derm is a non-ciliated chitinous cuticle. 

The mouth is situated close to the anterior end of the 
body, but a ** cephalic lobe ” not unfrequently projects 
beyond it on the dorsal side. The anus is at the opposite 
extremity of the body, and the straight alimentary tract 
which connects the tw^o and is lined by the endoderm, is 
usually divided into a pharyngeal, oesophageal, and gastro- 
intestinal portion, the latter often being produced laterally 
into short caeca. The mesoderm presents well-developed 
transverse, longitudinal, and dorso- ventral muscular fibres, 
as in the Leeches. It is excavated by a spacious perivisceral 
cavity, which contains a colourless corpusculated fluid, and 
is divided by thin but muscular mesenteries, which stretch 
from the intestine to the paidetes, and thus break up 
the perivisceral cavity into partially separate chambers. 
In addition, there is a system of pseud-hiemal vessels, like 
those of the Leeches, provided with contractile walls, and 
containing a red non-corpusculated fluid. No communi- 
cation has been ascertained to exist between these vessels 
and the perivisceral cavity ; but there can be little doubt 
that, as in the case of the Leeches, they must be regarded 
as a specially differentiated part of the general system 
of the perivisceral cavity. 

In the majority of the segments there are, os in the 
Hirudineaf paired segmental organs; these are ciliated 
and their inner ends open into the perivisceral chamber. 
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^ The nervous system consists of pne-oral or cerebral 
\ ganglia, continued backwards, on the ventral aspect of the 
j body, by commissures on each side of the oesophagus into 
/ a double chain of closely united post-oral ganglia. 

Large tubular fibr es are imbedded in the neurilemma of 
} the ganglionic chain on its dorsal face. In the Eai'thworni 
) there are three of these — one median and two lateral — ex- 
tending along the whole length of the ventral end, but not 
into the oesophageal commissures.* The nature of these 
structures is unknown. 

• These animals are hermaphrodite. The generative organs 
are situated in the front part of the body, the male organs 
being anterior to the female. In the aquatic Oligochaift 
(Nais, Tubifex) the genital glands have no proper ducts, but 
the segmental organs of the segments in which they are 
contained convey the generative products outwards. In 
j the terricolous forms (Lumbricus) the vasa deferentia are 
; continuous with the testes, which are very large. The 
i ovaries, on the other hand, are minute solid bodies attached 
i to one of the mesenteries, and the oviducts are separate 
i tulles with funnel-shaped mouths, which open into the 
cavity of the segment. 

In Nais and Chcetogaster, agamic multiplication occurs 
by the development of posterior segments of the body 
into zooids, which may remain associated in chains for 
some time, but eventually become detached and assume 
the parental form. Schulze has observed that when a 
Nais has divided into an anterior and posterior zooid, 
the last somite of the former gradually enlarges, and 
becomes divided into new somites, the anterior of which 
give rise to a head. A new zooid is thus developed 
between the previously existing ones. This process is 
repeated in what was the penultimate, but is now the 
ultimate somite of the anterior zooid; and again in the 
penultimate somite when it has, in the same way, become 
terminal. 

* CUpar^e, * Histologische Untersuchungeu uher den Kegeuwurm/ 

1S69. 
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As the Eai*th-worm is a very accessible subject, it may be 
useful to the student to be furnished with an account of 
some of the chief points of its organisation more in detail. 

The exterior of the body of an Earthworm {I/wmhricm 
tcrrestris, ruhellus or communis) shows a number of close-set 
transverse grooves which divide its body into numerous 
narrow rings or segments.* The most anterior segment is 
small and conical, and presents, on its under surface, a 
depression which is the oral aperture. The anus is at the 
opposite end of the body. Behind the mouth, the successive 
segments rapidly attain their average size ; but, in a full- 
grown worm, a part of the body into which more or fewer 
of the segments between the twenty -fourth and thirty- 
sixth inclusively (29P-3G, L. terrestris; 24-29 F, L. ruhellus ; 
26-32, L. communis) enter, is swollen, of a different colour 
from the rest, provided with abundant cutaneous glands, 
and receives the name of cingulum or clitellum. 

In the dorsal median line there is a series of small aper-» 
tures or pores, one for each segment except the most anterior, 
which lead into the perivisceral cavity ; while upon the 
ventral surface of the anterior part of the body the eight 
apertures of the organs of generation are situated. Of 
these, four, situated two on each side, between the ninth 
and tenth, and the tenth and eleventh segments, are the 
openings of the reccptacida seminis. The openings of the 
two oviducts are on the fourteenth segment; those of 
the two vasa deferent ia on the fifteenth. Besides these, all 
the segments, except some of the most anterior, exhibit 
i\ pair of minute openings ai>pertainmg to the segmental 
organs; and they are further perforated by the four 
longitudinal double rows of setic, wdiich project slightly 
beyond the surface of the integument, and offer a certain 
resistance when the worm is drawm from tail to head 
through the fingers. 

The body is invested in a thin and transparent but deuvse 

* The question how far all of the development of the Earth- 
these segments represent somites worm is in favour of their being 
may be left open. The history true somites. 
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cuticulaf perforated by excessively minute vertical canals. 
Witbin this lies a thicker layer, consisting of a reticulated 
nucleated protoplasm, the meshes of which are filled with 
• a transparent gelatinous substance. This layer probably 
represents both the dermis and epidermis^ and has been 
termed the hypodermis. Internal to it lies a thick layer 
of circular muscular bands, in the interstices of which 
pigment granules occur; and, still more internally, is a 
much thicker coat of muscular fibres, which are disposed 
longitudinally. 

The cavity circumscribed by this longitudinally fibrous 
muscular layer is lined by a kind of connective tissue. 
Corresponding with the divisions between every pair of 
segments (except in the most anterior part of the body), 
this connective tissue is continued transversely towards the 
axis of the body, and passes into that which forms the wall 
of the intestine ; while, on the ventral side, it forms an 
arch over the ventral nervous cord, and the vessels which 
accompany it. In the interior of each of these mesenteric 
septa, radiating and circular muscular fibres are abundantly 
developed, and the former are connected externally with 
the superficial layer of transverse muscles. 

The perivisceral cavity is thus divided into nearly as 
many short chambers as there are segments ; each chamber 
! communicates with the exterior, directly by the dorsal 
pore and indirectly through the segmental organs, while 
fluid may pass from one to the other by the supra- neural 
archways. 

The short and curved setae project much further into the 
interior of the body than they do on to its exterior. The 
free apices of each pair are situated close together, while 
their inner ends diverge from one another. Each is enclosed 
in a sac in which it is developed, and to which the muscles, 
by which it is protruded, are attached. There are eight 
I eetse to each somite, one pair not fur from the ventral 
; median line on each side; and the other pair phiced in tlu* 
i same transverse line, but further outwards. 

The mouth leads into a muscular pharynx, with a com- 
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paratively small internal cavity, which reaches as far back 
as the seventh segment. From this a narrow oBsophagus is 
continued as far back as the fifteenth or sixteenth segment ; 
and presents three pairs of lateral glandular diverticula, 
which contain a calcareous matter,* in the region of the 
twelfth and thirteenth segments. Posteriorly, the gullet 
opens into a crop, which is succeeded, about the eighteenth 
segment, by a thickened and muscular gizzard. 

Upon this follows the intestine, which has the appearance 
of a simple tube ; but is in reality complicated by the invo- 
lution of its wall, along the dorsal median line, into a thick| 
fold, which projects into the interior of the intestinal cavity i 
and is the so-called iyphlosole. The exterior of the intestine 
and the cavity of the typhlosole present a coating 
yellowish-brown cells. 

The segmental organs are greatly convoluted tubes, situated 
one on each side of every segment except the first, and 
attached to the posterior mesenteric septum of the segment. 
Each canal communicates internally, by a wide funnel- 
shaped ciliated apertme, with the perivisceral cavdty, while 
externally, it opens by a minute pore, which is usually close 
to the internal pair of setaj.f 

A colourless fluid, containing colourless corpuscles, and 
answering to the blood of other invertebrated animals, occu- 
pies the perivisceral cavity ; but, in addition to this, there is 
a deep redjfluid, devoid of corpuscles, which fills a very largely 
developed system of pseud-hfienial vessels. These consist of 
longitudinal and transverse principal trunks, and of very 
numerous branches which proceed from them and ramify 
in all parts of the body, except the cuticle and hypo- 
dermis. 

The longitudinal trunks are three : one su^yra-intestinal, 
which lies along the dorsal aspect of the alimentary canal ; 
one suh4ntestinaly which corresponds with this on the 

• The nature of this substance tale,’ 1873.1 
has recently been discussed by t Gegenbaur, ‘‘Ueberdlcsogc- 
M. E. Perrier, “ l^tude sur un nannten Kespirationsorgane ties 
genre nouveau des Lombricicns.** Regenwurms.^’ (‘ Zeitschrift fiir 
(Archives de Zoologie experimeu- Wlss. Zoologie,’ 1^:52.) 
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ventral aspect of that canal ; and one sub-neural, which lies 
beneath the ganglionic cord. 

The Bupra-intestinal and snb-intestinal vessels are con- 
nected in the greater number of the segments by pairs 
of commissural transverse trunks, which embrace the in- 
testine, and give off numerous branches to it. The supra- 
intestinal and sub-neural vessels give off transverse trunks 
into the mesenteric septa, which branch out into the mus- 
cular layers, and some of which anastomose so as to 
form a second set of transverse communications. More- 
over, the sub-neural trunk and the sub-intestinal tinnk 
respectively send branches to each segmental organ, upon 
which they are distributed, and, anastomosing, give rise 
to another series of communications between the longi- 
tudinal trunks. 

In the seven most anterior segments, the longitudinal 
vessels break up into a network, and there are no distinct 
transverse commissural vessels. Behind these, and in the 
region of the generative apparatus, the commissural vessels 
are greatly dilated, and form from five to eight pairs of 
so-called Jtearts which are attached to the anterior faces 
of as many mesenteries. These contract from the dorsal 
towards the ventral side. 

The nervous system consists of two cerebral ganglia 
lodged above the phaiynx in the third segment, and united 
by commissural cords with the anterior ganglia of the 
chain, which extends through the whole length of the 
body on the ventral wall of the periviKceral cavity. 

There are no eyes, nor are any other organs of special 
sense known. 

The Earthworm is hermaphrodite. The t estes are tw() pairs 
of large sacs, each of the anterior pair l>eing bilobe<l. 
The testes of opposite sides are unit<*d in a common median 
reservoir, situated in the tenth and ehw enth segments, from 
which, on each side, ducts take their origin. The two 
duets of the testes of the same side unite into a single vas 
deferens, and these two vasa deferentia open externally on 
the ventral aspect of the fifteenth segment. The ovaries 
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are two minute solid bodies, not more tban ^ of an incli 
long, attached to the posterior face of the mesenteric 
septum which separates the twelfth and thirteenth segments.* 
They therefore lie in the cavity of the latter. The oviducts 
are quite distinct from the ovaries, and open internally 
by wide funnel-shaped apertures, situated in the cavity of 
the thirteenth segment. Prom these funnel-shaped ends 
the oviducts are continued, as slender tubes, through the 
mesenteric septum which separates the thirteenth from 
the fourteenth segment, and open on the ventral face of 
the latter. 

Four globular spermathecse, or receptacles of the sper- 
matozoa, are situated, two on each side, in the tenth and 
eleventh segments, and open on the ventral face between 
the ninth and tenth, and the tenth and eleventh segments 
respectively. These are filled when copulation takes place, 
during which process, the two worms are said to be bound 
together by a tough secretion of their clitella. 

Tlie development of the Oligochcpta has recently been 
carefully investigated by Kowalewsky. The eggs of the 
Earthworm are laid in chitinous cocoons or cases, which 
are probably secret^ed by the clitella. In addition to the 
eggs, the cocoons enclose an albuminous fluid, and packets 
of spermatozoa. The viUdlus is invested by a membrane, 
and contains a germinal vesicle and spot. Complete yelk- 
dirtsion takes place, and eventually the blastoccele becomes 
reduced to a mere cleft. The blastomeres are disposed in 
two layers — one consisting of small, and the other of large 
blastomeres. The embryo thus formed becomes coiu’avc 
on the side formed by the large blastomeres, until it 
assumes the form of a sac, ciliutinl externally, with an 
opening, the fttture mouth, at one end; the cavity of the 
sae being the primitive alimentary cnnal, and the layer of 
large blastomeres, the hypoblast. Between the two, a 
mesoblastic layer appears, but the exact manner of its 
origin is not known. On one face of the saccular embryo 
the mesoblast becomes divided into a series of quadrate 
masses, like the protoveriebne of a vertebrate embryo, 
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disposed symmetricalljr on eacli side of a median line, 
which con’esponds with the future ventral median line 
^of the body. Along this line, the epiblast becomes thick- 
ened inwards, and the thickening is converted into the 
ganglionic chain. At the same time, each quadrate mass 
of^he mesoblast is excavated by the development of a 
cavity in its inteidor, whereby it becomes converted into 
a sort of sac. The adjacent anterior and posterior walls 
of successive sacs unite, and give rise to the mesenteric septa, 
while their cavities become the chambers of the perivisceral 
cavity. The segmental organs commence as cellular out- 
growths from the posterior face of each septum thus formed, 
and only subsequently become excavated and communicate 
with the exterior. 

The development of the Earthworm, therefore, closely 
resembles that of the Hirmdinea, and more especially that of 
the Medicinal Leech, in which the digestive cavity of 
the embryo would seem to be formed, as in the Earthworm, 
by a process which is, in a sense, invagination. It would 
appear that the first formed aperture is the mouth ; while 
the anus is a secondary perforation ; and the segmentation 
of the body commences in the mesoblast. 

In the fresh-water OUgoch(€ta, Euaxea and Tuhifex, the 
vitellus also becomes divided into large and small blasto- 
meres. Tlae latter extend over the larger blastomeres, and 
form the epiblast ( = ectoderm), A mesoblast ( = mesoderm), 
divided into two broad longitudinal bands, is developed, and 
the oral cavity is said to be formed by invagination of the 
epiblast between the anterior ends of the two bands of the 
mesoblast. In this case, the mouth in these genera is a 
secondary formation. The innermost layer of large blasto- 
meres becomes the hypoblast ( -= endoderm).’*' 

The PoLYCHiETA. — Except that the Poly chcrAa are almost 
invariably dioecious and marine, while the Oligochccta arc 

♦ Kowalewsky, “ Embrj ologischc Studien.” (‘ Mem. de TAcad. dc 
St. Petersbourg,' 1861 .) 
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monoecious, and inhabitants either of land or fresh water, it 
is hard to b^lj what absolute characters separate these two 
groups. The lowest forms of the Polychceta, such as Capitella^ 
and Polyophthalmus, might be regarded as marine dioecious 
Naidoe. But, in the higher Polychcda, each segment of the 
body developes lateral processes — the parapodia, or rudi- 
mentary limbs, which are usually provided with abundant 
strong setae; a distinct cephalic segment, the prcestomium, 
appears in front of and above the mouth, and bears eyes and 
tentacles ; while those parapodia which lie in the vicinity of 
the mouth may be specially modified in form and direction, 
foreshadowing the jaws of the Arthropoda. Ciliated, some- 
times plumose, processes of the dorsal walls of more or fewer 
of the segments may perform the office of external 
branchicc ; and, occasionally, the dorsal surface gives rise 
to flat shield-like processes, the so-called elytra. 

The following detailed description of a very common 
species of Polynbey will give a fair conception of a poly- 
chffitous Annelid, in which the highest degree of complexity 
of organisation known in the group is attained : — 

PolynOe squamata is an elongated vermiform animal, about 
an inch long, the body of which is divided into a succes- 
sion of portions, for the most part similar and equivalent 
to one another, but presenting peculiar modifications at 
the anterior and posteruu extremities. Each such portion 
is properly termed a somite; while the term “segment’’ 
may be retained to indicate generally a portion of the body, 
without implying its precise equivalency to one somite or 
to many. Thus, then, the body of the Polynoe is composed 
of a series of twenty-six “ somites,” terminated iuiterioiiy 
by a “segment,” the prcrstowivvi Kopf-lappen,’ Gnibe) 
and posteriorly by another, the pygidium, which may or 
may not represent single somites. 

If one of the somites from the middle of the Ix^dy (Fig. 51, 
C, D) be examined separately, it will be found to be trans- 
versely elongated, so as to be about three times as broad as 
it IS long, and to be slightly convex above and below, pre- 
senting a deep, median, longitudinal groove interiorly. 

Q - 
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Laterally the somite is produced into two thick processes, 
the parapodia'* 

, Each parapodium divides at its extremityinto two portions, 
a superior and an inferior, which may be denominated re- 


Fig. 51, 



Fig. 51. — Polynoe fKiuamatn. 

A. Viewed from above and enlarged : «, r, etc. as in Fig. 53 B ; 
elytra ; /, space left between the two jwsterior elytra ; seta* 
and fimbriae of the elytra. 

B. Posterior extremity, inferior view : //, pygidial cirri ; A, inferior 
tubercle ; c, c', notopodial and nenropodial cirri. 

C. Section of half a somite with elytron : », noto|)odium ; A, neuro- 
podium. 

D. Section of half a somite with cirrus. 

spectively the notopodium (Fig. 51 i) and the neuropodium (h), 

the one occupying the “ haemal,” or dorsal, the other the 

“ neural ” or ventral aspect. The latter is, in this species 
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SO mucli the larger, that the notopodium appears like a mere 
tubercle projecting from its upper surface. In other An- 
nelida, however, and in the young state of Folyrwe, the 
notopodium is as large as the neuropodium. Both 
divisions of the parapodia are armed with peculiar stiff 
hair-like appendages {g), composed of chitin, and developed 
within diverticula of the integument, or trichophores, in which 
their bases always remain enclosed. These can be pro- 
truded and retracted by muscles attached to their sacs, and 
they vary exceedingly in form. Three distinct kinds are 
observable in Folynoe alone. The notopodium and the 
neuropodium carry each a single, sharp, style-like adculum, 
the greater part of the length of which is imbedded in the 
parapodium and its divisions, while the point just projects 
at about the centre of the latter. The neuropodial is very 
much longer than the notopodial aciculum. 

Superiorly, the notopodium carries two transverse rows 
of more slender organs of a similar nature, the setoi : the 
proximal set are much shorter than the distal, but even 
the latter do not attain a length of more than of an inch 
(Fig. 52, G), 

The proximal set are somewhat knife-like in shape if 
viewed in profile, consisting of a comparatively short, 
straight “ handle,’* by which they are imbedded in their 
sacs, and of a thick, rounded, curved blade, tapering to a 
fine point at its extremity. Close-set transverse ridges, 
finely seiTated at their edges, and inclined obliquely to the 
surface of the blade, traverse its convex anterior circum- 
ference, leaving the back free. The distal seta? (Fig. 52, G) 
have a very similar structure, but they are much elongated 
and very slender. The handle is longer ; and the blade, litt le 
curved and simply set on at an angle with the handle, is 
produced at the end into a long and delicate filament. The 
base of the blade (E) is beset with incomplete ridges, like 
those of the short setm, but towards the middle tF) these 
ridges appear to encircle the blade completely, assuming the 
aspect of so many closely imbricated concentric scales, before 
finally becoming obsolete upon the extremity of the seta. 
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The nenropodial aciculum needs no special notice, except 
that the extremity of its trichophore projects as a sort of 
^papilla, less obvious in full-grown specimens, wliich divides 
the neuropodiiim into an upper and a lower portion, the 
former containing about half as many setae as the latter. 

Fig. :r2. 



Fig. 52 . — Polyyuie squamata' 

A, elytron viewed from above. B, a tooth. C, D, ncuropodial seta'. 
£, F, parts of the blade of the Hamc, nriore highly magnified. Ci, 
free extremity of a notopodial seta. 

The apeHurcs of the trichophores are placed between lob(‘- 
like prolongations of the neuropodiiim, to which the special 
term of lahia (Grul>e) may be applied. In this species 
they present no remarkable peculiarity beyond their in- 
equality. 
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The neuropodial setae (Fig. 52, C, D), although at first 
sight very different from the notopodial setae, are, in 
truth, constmicted on essentially the same plan, the blade 
being short, while the handle is proportionally elon- 
gated. The blade is subcylindrical at its base, pointed 
and slightly cuiwed. Eight or nine transverse ridges ex- 
tend around about two-thirds of the circumference of its 
proximal half ; the basal ridges are naiTOw, and merely 
sen’ated, but towards the apex the ridges become deeper, 
and the serrations pass into strong teeth ; at the same time, 
one side of the ridge is elongated into a strong point. 

Attached to the under surface of the parapodium by a 
somewhat enlarged base, with which it is articulated, is a 
smooth, conical, very flexible filament, — the neuropodial 
arms (Fig. 51, c ') ; it hardly reaches to the end of the neuro- 
podium. Again, springing from the neural surface of the 
somite, close to the parapodium, there is a small pyriform 
tubercle (/i), divided by longitudinal gi’ooves into about 
eight segments. This is possibly connected with the repro- 
ductive function. 

The appendage of the notopodium or i*ather of the noto- 
podial side of the parapodium and somite, varies according 
to the particular somite which may be examined. In some 
somites this appendage is a cirrus (Fig. 51, D, c) similar to 
the neuropodial cirrus, but much larger, equalling the semi- 
diameter of the body in length, and presenting an enlarged 
pigmented bulb of attachment to which the filament of 
the cirrus, which is cylindrical for aboixt two-thirds td its 
length, and then becomes enlarged and suddenly tapers to 
its extremity, is articulated. 

In the other somites the notopodial appendage is a large, 
thin, oval plate — the elytron (Fig. 51, C, c). It is attached 
by a thick peduncle, and has its long axis directed obliquely 
outwards and backwai’ds. The surface of the elytron 
(Fig. 52, A) is covered with an ornamentation of larger • >r 
smaller tubercular prominences, granulated and ridged 
upon their surface. A part of the inner and anterior edge 
of each elytron overlaps or is overlapped by its fellows for 
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a certain extent of its circumference, wliich is so far 
smooth, but in the rest of its extent it is fringed with 
coarse brownish filaments or fimhrice, which aiise from the 
tapper surface just within the edge, and are obviously 
outgrowths of the same order as the tubercles. 

Such is tlie structure of one of the middle somites of 
Polynoe squamata. The anterior and posterior somites, with 
the exception of the fii'st and second, present only minor 
dififerences, as in the proportions of the seta), or in the 
figure of the elytra. The first somite, which contains the 
mouth, is the peristmnium (“ mund-segment ” of Ginibe). 
The parapodia of this somite are naiTow and elongated 
(Fig. o3, B, C, m) ; they are obscurely divided at their 
extremity into a rudimentary neuropodium and notopo- 
diuin, and give attachment to a pair of large peristomial 
ciiri (c' c) (“ ciiThes tentaculaires,” Audouin and Milne- 
Edwards ; “ Fiihler-cirren,” Gmbe), of the same structure 
as the notopodial cirri, which stretch foi^wards by the sides 
of the mouth. 

The apex of a single small aciculum issues rather above 
the point of division of the peristomial parapodiiim, and 
two minute curved setae accompany it. These, have been 
generally overlooked ; * but they seem to demonstrate, in 
a very interesting manner, the nature of the appendages 
of the peristomial segment. 

The second somite difl^’ers from the rest only in the gi'eat 
elongation of its neuropodial cirrus, which is directed for- 
wards and applied against the mouth. 

The peristomium and the pnestomium together are ordi- 
narily confounded under the common term of “ head.” The 
latter (Fig. 53, B, C, 1) is an oval segment flattened supe- 
riorly, placed altogether in front of and above the mouth, 
presenting on its postero-lateral edges four dark spots, tin' 
eyes, and possessing five cirrifonn appendages, two pair.s 
and a single median one. The latter (a), or the prastoviial 

* At least, ia the descrip- valuable paper, “ Ueber die Ent- 
tions of the adult Polynoe. They wickclung und ftieiamorphoseder 
are particularly mentioned, how- Polynoeu." (‘Muller’s Archiv,’ 
ever, by Max Miillcr in his 
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tentacle (“ antenne mediane,” Milne-Edwards) is similar in 
structure to an ordinary cirinis. Of the other appendages, 
the upper one upon each side (supero-lateral praestomial 
cirrus, “ antenne mitoyenne ”) also resembles an ordinary 
cirrus (6) ; but the lower (infero-lateral pracstomial cirrus, 
‘antenne externe”) {h') is much larger, and is capable of 
extreme elongation and contraction,* while the ordinary 

Fig. 53. 




Fig. .53. — Polynde squamaUt, 

A. Posterior extremity from above: r, notopodial cirrus of last 
somite ; rf, pygidial cirri ; j, amis. 

B. Anterior extremity from aliove : a, prscstomial tentacle ; fc, su- 
perior and h' inferior pra*stomial cirrus ; c, c\ notopmlial and neuro- 
podial cirri ; c, peduncle of first elytron : /, pra'stomium : m, para- 
podium of perislomium. C. Inferior view of anterior extremit}, 
letters as before. 

cirri are merely flexible. Although at first sight probable, 
yet it would appear from Max Miiller's account of the deve- 
lopment of Polynde, that these two appendages do not. like 
the two peristomial cirri which they essentially resemble. 

* 1 have never observed any Edwards. (‘ Histoire Natn- 
invagination such as is stated to relle du Littoral de la France,’ 
occur by Audouin and Milne- p. lU.) 
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correspond with the notopodial and neuropodial cirri of a 
single parapodium, inasmuch as they arise from perfectly 
^stinct portions of the prsBstomium. It is very possible 
that each represents the appendage of a somite, and in this 
case the pr8E?stomium would be composed of at least two 
somites. Whether the praDstomial tentacle indicates another, 
or whether it is merely an appendage of such a nature as 
the labruni or the rostrum of a Crustacean, there is no 
evidence at present to show. 

It is highl}^ interesting to remark, that thus, in the 
Polynoe, as in the Arthropodn, the “head’* results from 
the modification of a number of somites, some of which 
lie in front of, and others behind, the mouth. The move- 
ments and evident extreme sensitiveness of the inferior 
pi*aBstomial cirri during life indicate that they perform 
the functions, as well as occupy the position, of an- 
tennae. 

The hindermost segment of the body, or pyyidiuvi (Fig. 
51 B, Fig. 53 A), is narrow, and divided at the end into 
two supports for the pygidial {d) cirri, which are as long as 
the three last somites, and resemble the notopodial cirri in 
form and structure. They extend directly backwards, 
almost parallel w'ith one another and with the notopodial 
cirri of the last somite, w’hich are thrown backwards and 
downwards (Fig. 53, A, c). It seems probable that the 
pygidium represents only a single somite. 

The anus is not terminal, as in many Annelids, but is 
seated in the middle of a strongly raised papilla (Fig. 53, 
A x), which projects from the dorsal surface of the penulti- 
mate somite; its sides are produced into about fourteen 
folds. The two lust elytra have their edg(‘s excavated, 
so as to leave a space over the anus (Fig. 51, A/j. 

The notopraiial cirri and the elytra do not coexist upon 
the same somites ; and the order of arrangement of the 
elytrigerous and cirrigerous somites is very curious. Th(.‘ 
Ist or peristomial somite is cimgerous, and so are the 3rd, 
6th, 8th, 10th, 12th, 14th, 16th, 18th, 20th, 22nd, 24th, 25tli, 
and 26th; while the 2nd, 4th, 5th, 7th, 9th, 11th, 13th, 
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17tli, 19tli, 21st, and 23rd somites bear elyti*a, making 
twelve pairs in all. 

In no polycLaetous Annelid is the structure of a somi^ 
more complex than in Polynoe ; and there are but very few 
parts not found in Pohjnwe t<i be met with in other Annelida. 
The careful study of this species, therefoi’e, furnishes us with 
an almost complete nomenclature for the external organs of 
the whole group ; and it will be found that the other forms 
e>f Annelida differ mainly in the greater or less development 
and modification of the organs which have just been de- 
scribed. A large proportion of the Polychceta are like 
Pohjnoe, free and actively locomotive animals, which rarely 
fabricate tubular habitations, and are therefore termed 
Errantia ; they possess a prajstfmiium, usually provided with 
eyes and feelers, and have many parapodia, which are not 
confined to the anterior region of the body. They very 
generally have a proboscis, provided with chitinous teeth. 

The singular genus, To^nopterie, is a transparent pelagic 
Annelid, with numerous parapodia, each terminated by two 
lobes representing the neuropodium and notopodium. 
])ut with seta\ two of which are very long, only in tht* 
cephalic regi(»ii. 

The sedentary Annelids (Tnhicola) fabricate tubes, either 
by gluing together particles of sand and shells, or by secret- 
ing a chitinous or calcified shelly substance, in which they 
remain g. Protuln, Fig. 54h The pnestomium is small 
or wanting; none have a proboscis; there are no cirri; 
and the parapodia are short or rudimentary. The branch he 
are developed only on the anterior somites, and the latter 
are often markedly different fri»m those which constitute 
the postenor part of the body. 

In some [Serpnlidce) a tentacle is enlarged and its tuid 
secretes a shelly plate which serves as an operculum, and 
shuts down over the mouth of the calcareous tube inhabited 
by the animal, when it is retracted. The dilated end of 
the opercuLir tentacle sometimes serves as a chamber in 
which the young undergo their development, (species of 
Spirorhis). 

The alimcnt|Lry canal of the polychadous Annelida rarely 




Fig. 54 . — Protula Dygteri. A, the sexual, mature animal, extracted! 
from its calcareous tube; branchial plumes; 6, hood-like ex- 
pansion of the anterior end of the body ; the inoutli ; the 
stomach; c, the anus; /, the testes; the ova. B, a ProiuUi in 
course of proliferation ; b, the branchia* of the zooid. 
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presents any marked distinction into stomach and intestine, 
and is almost always of the same length as the body, ex- 
tending, without folds or convolutions, from its anterior ^ 
its posterior extremity ; but in Siphonostomum (Chlorcema), 
Pectinaria and others, it is more or less convoluted. It is 
attached by membranous bands, or more complete mesen- 
teries, to the walls of each somite, and very commonly 
presents a dilatation between every pair of mesenteries. 
In most Polychceta, the intestine acquires in this way 
merely a moniliform appearance, but in Polynde, Aphro- 
dite, Sigalion, and their allies, long casca, are given off upon 
each side of the alimentary canal, and, sometimes becoming 
more or less convoluted, terminate at the upper part of 
each segment (Fig. 51, D) close beneath, or in the branchiae, 
where such organs exist. 

The anterior portion of the alimentary canal is. in a 
great number of the Pohjchceta, in fact in all the typical 
Errantia, so modified as to constitute a distinct muscular 
pharynx, the anterior portion of the wall of which can be 
everted like the finger of a glove, from the aperture of the 
mouth, and the posterior portion protruded, so as to 
form a proboscis. In Pohjnoe sqvamata, the proboscis is 
one-fourth as long as the body, and its walls are very 
thick and muscular. At its anterior extremity it is sur- 
rounded with a circle of small papillm, immediately behind 
which are four, strong, pointed and curved homy teeth, 
implanted in the muscular wall (Fig. 52, Bl Each tooth 
has a little projection upon its convex edge, which is con- 
nected by a short strong ligament with the corresponding 
projection of another tooth ; and the one pair of teeth, 
thus connected, works vertically against the opposite pair. 
In Nereis, there are two powerful teeth which work horizon- 
tally, besides minute accessory denticles. In SyllU, thi‘ 
chitinous lining of the pharynx is produced into a circle of 
sharp teeth anteriorly, and there is, in addition, a mu(*h 
stronger triangular median tooth. In Glycera, which pos- 
sesses a pair of teeth, the extremity of the protruded 
proboscis is covered with very remarkable papilJa\ The 
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most complex arrangement of teeth, however, is that pre- 
sented bj the EunicidcB, In Eunice, there are altogether 
nine distinct pieces : two lai'ge, flat, more or less calcified 
portions united together below, and three cutting and 
tearing teeth on the right side working against four on the 
left. As has been already stated, the tubicolar Annelids 
possess neither proboscis nor teeth. 

No special hepatic gland appears to exist in the Annelida, 
unless the intestinal caeca perform that function, and the 
secretion of the bile is doubtle.s8 eflfected by the glandular 
tract, which extends for a greater or less distance in the 
walls of the alimentary canal. A pair of glandular cteoa. 
the function of which is not known, is appended to the 
base of the proboscis in Nereis. 

The general cavity of the body, or periviscenil cavit}', 
which is included between the parietes of the alimentary 
canal and those of the body, is filled with a fluid wliich 
contains corpuscles, which are usually, as in the hwH^rtehraia 
in general, colourless. Tliey are red, however, in Ghjcera. 
and in a species of Apmumea (De Quatrefages). The para- 
podia, the ciiri, the bi’anchia*, and all the other important 
appendages of the PohjcJurta contain a cavity continuous 
with the perivisceral cavity, and are therefore equally filled 
with the blood. The circulation of this fluid is efiTected partly 
by the contraction of the body and its appendages, partly 
by the vibratile cilia, with which a greater or less extent of 
the walls of the perivisceral cavity is covered. 

In a great number of tha Polycheeta no part of the body is 
specially adapted to perforin the function of respiration, 
the aeration of the blood probably taking place wherever 
the integument is sufficiently thin ; and, even when dis- 
tinct branchiae ordinarily exist, members of the same family 
may be deprived of them. In Polynue squmnata, ciliated 
spots which appear to represent bnmchisB, may be discovered 
on the dorsal side of the bases of the parapodia, at any 
rate, in young specimens. In some species of Polynoe 
the parapodia give rise, at corresponding points, to large, 
richly ciliated, malleiform tubercles, in which the oaica of 
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hlie alimentary canal terminate. In Sigalion, a filiform, 
cjiliated branch ia depends from the upper pai-t of the somite, 
beneath the elytron ; and besides this, curious little ciliated 
palettes are arranged upon the dorsal surface of the para* 
podia, and upon the sides of the anterior somites. But 
the best developed brancliiie among these Annelids are pos- 
sessed by the Amphimmida^ and the EunicidfB among the 
Enantia ; the Terehellidw, and the Serpidid^B among the 
Tidricoln. In tlie three former families the branchhe are 
ciliated branched plumes, or tufts, attached to the dorsal 
surface of more or fevv(‘r of the somites. In the last 
(Fig. T)!) they are exclusively attached to the anterior seg- 
ment of the l)ody, and present the form of two large plumes, 
each consisting of a judncipal stem, with many lateral 
branches. The stem is 8Upi)orted by a kind of internal 
skeleton, of cartilaginous consistence, which sends off pro- 
ces.ses into the lateral branches. 

I have been unable to find any pseiid-haRmal vessels in 
PoJynue squarruita, and as Claparede* could discover none in 
the transparent P. lunnhtta, it is safe to assume their non- 
existence. Claparede. in fact, denies them to the whole of 
the Aphrodiiidai. 

When it is present, tlie pseud-haunal system varies very 
much in tlie arningeineiit of its great trunks; but they 
commonly consist of one or two principal longitudinal 
dorsal and ventral vessels, which are connected in each 
somite by transvei’se branches. Where bronchiue exist, 
loops or processes of one or other of the great trunks 
enter them. The dorsal and the ventral trunks are usually 
rhythmically contnictile, and contractile dilatations at the 
bases of the branchiaj {Eunice), in portions of the lateral 
tninks {Arenicola), or in those which snpply tlie proboscis 
(Eunice, Nereis], have received the name of “ hearts.'’ The 
direction of the contractions is usually such that the 
blood is propelled from behind forwards in the dorsal 
vessel, and in the opposite direction in the ventral vessel ; 
but the course which it pursues in the latenil tninks 
* ‘ Ann^liJei Chetopodes du Golfe dc Naples,* 1868, p. 6.5. 
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is probably very irregular. In Chloroema, in which even 
the smallest ramifications of the vessels are contractile, I 
Jiave observed csecal branches depending into the peri- 
visceral cavity in which the contained fluid underwent 
merely an alternate flux and reflux. Ramified ceeca 
of a similar kind appear to exist in the oligochsetous 
genera, Euaxes and Lumhriculus. The principal trunks 
give ofl* a great number of branches, which ramify very 
minutely in some Annelids {Eunice) and may give rise to 
retia mirabilia (Nereis) ; but in many (e.g. Protula), there 
are hardly any branches and no minute capillary ramifi- 
cations. 

In many Polychceta no segmental organs have yet been 
discovered, and in others they appear to be represented by 
mere openings in the parietes of the body. I have observed 
short ciliated canals opening externally upon the ventral 
surface at the bases of the parapodia in Phyllodoce viridis, 
and there are indications of the existence of similar organs 
in Syllis vittata. True segmental organs have, however, 
been found by Ehlers and Claparede in many Polycluvta, In 
some cases their walls are thick and glandular, and they 
probably have a renal function. In addition, they frequently 
play the part of oviducts and spermiducts. \Miether the 
ciliated canal extending along the ventral surface of the 
intestine, which I have described in Protula, is a structure 
of the same order or not, I am not prepared to say. 

The nervous system of the Polychceta usually consists of 
a chain of ganglia, — one pair for each somite, — connected 
together by longitudinal and transverse commissural bands, 
which diverge between the cerebral ganglia and the suc- 
ceeding pair, to allow of the passage of the oesophagus. 
The most important diflPerences presented by the nervous 
systems of the Polychceta, result from the varying length 
of the transverse commissures. In Vermilia, Serpula, Sahella, 
these commissures are very long, so that two distinct and 
distant series of ganglia appear to run through the body, 
while, in Nepthys, the two series of ganglia are fused into 
a single cord enlarged at intervals. Every transitional 
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ondition between these is observable in Terehella, Aonia, 
rlycera, Phyllodoce, and Aphrodite, In most Polychieta a 
ery extensive series of visceral nerves supplies the aliinen-^ 
ary canal. 

The recognisable organs of sense in the Annelida are eyes 
nd auditory vesicles. The former are usually very simple, 
insisting of an expansion of the extremity of the optic 


Fig. 55. 




Fig. .55. — A. Anterior end of the nervous system of Polynoe xquaruofa 
(after I>e Quatrefages) : a, cerebral ganglia ; b, tt^sophageal comm in- 
sures; r, longitudinal commissures of the ventral ganglia. 

B. Anterior end of the nervous system of Sahella JiaMlata (after 
De Quatrefages): a, cerebral ganglia ; fc, o sophageal commi8Burc^ ; < , 
longitudinal commissures of tlie ventral ganglia. Those of opj»ogit(‘ 
sides are united by long transverse commissures. 

nerve, imbedded in pigment, and provided occasionally, but 
not invariably, with transparent spheroids or cones. AJciopt 
and Torrea have very well developed and large eyes. The 
eyes are usually confined to the anterior extremity of the 
^ody, and to the prsestomium where it exists ; but, in the re- 
markable genus PolyophthalmiLs, De Quatrefages discovered. 
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besides the ordinary cephalic eyes, a double series of addi- 
tional visual organs, one pair being allotted to each somite. 
•In Branchiomma, eyes are situated at the ends of the bran- 
chial plumes. Ehrenberg has described two caudal eyes in 
Ampkicora, and De Quatrefages has shown that similarly 
placed eyes exist in three other species of Polychceta, two of 
which are closely allied to Ampkicora, while the other is 
an errant form, related to Lumbrinereis. These curious 
worms are said to swim about with the caudal extremity 
forwards. 

Auditory sacs, containing many otoliths, have been ob- 
seiwed upon each side of the oesophageal ring in Areni- 
r.ola, and similar organs have been noticed in other Tuhicola ; 
but hitherto their existence has not been certainly deter- 
mined in the Errantia, 

The genitalia of the polychaitous Annelida are exces- 
sively simple in their structure; indeed, special repro- 
ductive organs can hardly be said to exist in most, the 
generative products being merely developed from souk' 
part of the walls of the perivisceral cavity, in which they 
eventually freely float, making their way out in a manner 
which is not quite understood at prewnt ; probably, how- 
ever, through temporary or permanent apertures at the 
bases of the parapodia. In many, the segmental organs 
appear to serve as excretory ducts. As a rule, the poly- 
chffitous Annelids are dioecious; but some (e.g. Protnla, Fig. 
54) are hermaphrodite. The ova undergo their development 
within the body of the parent in some species of Eunice , 
in pouches attached to the body in Exogtyne ; in masses of 
gelatinous matter which adhere to the tulx?8 of the vernii- 
dom in Protula; beneath the elytra in Polyt&k tirrata; 
in the cavity of the opercular tentacle in some Spirorbu ; 
while, in other cases, they appear to become, almost imme- 
diately, free ciliated embryos. 

The vitellus undergoes division, and is converted, as in the 
case of the Oligochceta and Hirudinea, into blastomcres of 
two kinds. This contrast between the two components of 
the embryo commences with the division of the vitellus into 
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two, inasmuch as the first fissure is usually so directed as to 
divide the yelk into unequal portions. Both subdivide, 
but the smaller much faster than the larger ; so that tlie 
former becomes converted into very small blastomeres, 
which gradually envelope the larger blastomeres resulting 
from the subdivision of the latter. The larger included 
blastomeres are destined to form the alimentary tract; 
the smaller peripheral ones, on the other hand, give rise 
to the ectodenn, and to the nervous ganglia.* As in the 
Oligochceta and Hiriidinea, again, the mesoblast forms a 
thick band on each side of the median ventral line, and 
its transverse division originates the segmentation of the 
body. But, generally, tlie development of the protosomite ft, 
as these segments might be called, does not occur until 
some time after the embryo has been hatched. The somites 
increase in number by the addition of new ones between 
the last and the penultimate somite. 

The embryos of the Pohjchopta differ from those of the 
Oligochceta and Hirudinm in being ciliated. In some cases, 
the cilia form a })road zone which encircles the body, 
leaving at each end an area, which is either devoid of cilia, 
or, as is frequently the case, has a tuft of long cilia at the 
cephalic end. Such larvie are termed Atrocha. 

In other embryos the cilia are arranged in one or more 
narrow bands, which surround the body. A very common 
arrangement is one in which a band of cilia encircles the 
body immediately in front of the mouth, the region in 
front of the band bearing eyes, and bec(»ming the pra^sto- 
miiim of the adult {e,g. Pohjnoe). In such embryos, there 
is very commonly a stnumd band of cilia around the anal 
end of the embryo, and a tuft of cilia is attached to the 
centre of the prmstomium. These larvae are called Ttioirocha 
In other cases, one or many bauds of cilia surround the 
middle of the body, })etween the mouth and the hindei 
extremity. These are Mesoirocha. ' 

In the telotrochous larva of Pkyllodoce a shield-shaped, 

* Claparkle and Metschnikoff, * Beitragc *ur Kemitniss dor Ent- 
wickeluugsgeschichte der Chaetopoden,* I»68. 
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mantle-like, elevation of the integument covers the dorsal 
region of the body behind the prae-oral ciliated ring. In 
Hie larvae of the Serpulidce a process of the integument 
grows out behind the mouth, and suiTounds the anterior 
part of the body of the larva like a turned- back collar. It 
persists, as a kind of hood, in the adult. 

Some larvae are provided with 8eta3 of a different cha- 
racter from those which are possessed by the adult, and 
which are cast off as development advances. 

Many Polychceta multiply by a process of zooid develop- 
ment, which, in some cases, appears to be a combination of 
fission wdth gemmation; in others, to approach very neaily 
to pure fission or pure gemmation. The result is, not infre- 
quently, the formation of long chains of connected zooids. 

The method of multiplication which De Quatrefages ob- 
served in Sijllis prolifera, is nearly simple fission, the animal 
dividing near its middle, and the posterior division ac- 
quiring a new head. 

In Myrinnida, Milne-Ed wards has described the occur- 
rence of a sort of continuous budding between the ultimate 
and penultimate segments, in which region new segments 
are formed until the zooid has attained its full length. 

Frey and Leuckart and Krohn have shown that 
prolifer multiplies in a somewhat similar manner; but, 
instead of each new zooid being formed at the expense of 
an entire somite*, it is developed from only a portion of one. 
Finally, I found in Protula Dysteri that, when the Protvhi 
had attained a certain length, all the somites b«*hind the 
sixteenth l>ecame eventually separated as a new zooid; but 
the development of the latter is not mere fission, inasmuch 
as one of the earliest steps in the prfxjcss is the enlarge- 
ment of the seventeenth somite, and its conversion into 
the head and thorax of the bud (Fig. 54, B). Sars has 
described a similar mode of multiplication in his Filograna 
implexaf a very closely allied form. 

In Syllis and in Protula, the producing and the produced 
zooids alike derelope generative products, but in Auiolytas, 
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Krohn has shown that the primary producing zooid remains 
sexless, the secondai^r produced zooids having a somewhat 
different form, and alone giving rise to ova and sperm^ 
tozoa. 

In some species of the genus Nereis, the worm, after the 
development of its genital organs has taken place, takes 
on the characters of what was formerly considered a 
distinct genus, Heteronereis ; and the males and the females 
of the same species of Nereis have even been regarded aa 
different species of Heteronereis * 

The series of forms represented by the Turhellaria, the 
Hirudinea, the Oll-gocheeta, and the Polychceta, illustrates 
the manner in which a type of organisation, which, in its 
simplest condition, exhibits but little advance upon a mere 
Gastrula, passes into one in which the body is divided into 
many segments, each provided with a pair of appendages 
or rudimentary limbs. 

The segmentation, or serud repetition of homologous 
somites, extends to the nervous system, and, more or less, 
tj the vascular and reproductive organs, in the higher forms 
of these Annulose ” animals ; from which a further exten- 
sion of the same process of segmentation, with a fuller 
development of the appendages and a more complete appro- 
priation of some of them to manducatory purposes, leads 
us to the Arthropoda. 

The Gephyrba. — These are marine vermiform animals 
without distinct external segmentation or parapodiai ap- 
pendages. The ectoderm has a chitinous cuticle, and is 
often provided with tubercles, hooks, or seta? of (diitin 
[Echiurue, Stemaspis). No calcareous skeleton is found in 
any of the Oephyroa, The iutt‘gument frequently contains 
numerous simple glands, the apertures of which perforate the 
cuticle. In one genus [Sternaspis), two shield-shaped plates, 
fringed with seUe, ai’e developed upon the hinder part of th<‘ 

* Elders, “Die Gattuns j/eteronertia** (* Gottingen Nachriebten, 

ISO:.; 
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vexitiul surface of the body. There are external circular, 
and internal longitudinal muscular fibres beneath the ecto- 
derm. An inner layer of circularly disposed muscular 
fibres may be added. The oral end of the body may 
have the form of a retractile proboscis (Priapulus)^ or be 
provided with tentacular appendages. These may be 
arranged in a circle round the mouth, and short {Sipun- 
ciUu8, Fig. 56, I. t), or long (Fhoronis), or there may be 
a single long, sometimes bifurcated and ciliated, tenta- 
cular appendage {BoiielUa), Filamentous appendages, 
which are probably branchia), are given off at the hinder 
end of the body in Stemaspis and Priajmlits. The endo- 
derm is usually ciliated throughout. The intestine is 
straight in most genera, but is coiled and bent upon 
itself, so as to terminate in the middle of the body, in 
Sipunculus (Fig. 56, I.). In Phoronia the anus is close to 
the mouth. The anal aperture is always situated upon tht* 
dorsal aspect of the body. There is a spacious perivisceral 
cavity undivided by mesenteries, which in some cases { Pri r- 
pulus, Sipuncultis) opens externally by a terminal pore. In 
JSchiurus^ Bonellia, Tiialnssenvi, a pair of tubular, some- 
times branched organs, which arc* ciliated internally, and 
communicate by ciliated apertures with the perivisceral 
CQ'Vity, open into the rectum. These appear to represent 
the water-vessels of the Roiifera and the respiratory tubes 
of the HolothuricB. 

A pseud-hajmal system exists in most {Sijyunculus, Ster- 
nfispis^ Bonellia, Echiunis, and Phoronin), and, when fully 
developed, consists of two longitudinal trunks — one dorsal, 
or supra-intestinal, the other ventral, with their terminal 
and lateral communications. The p8eud-ha*mal fluid is 
colourless, or may have a pale re<ldi8h ting*;, in most. In 
Phoronis it is said to contain red corpuscles. In 8ipun~ 
dUiUj the cavities of the tentacles communicate with a 
circular vessel provided with caical appendages ; and this 
circular vessel is said to open into the pseud-huunal vessels. 

The nervous system presents a collar, which surrounds 
the (esophagus, and from which a simple or gauglionateil 



THB aEPHTBSA.. 


247 


cord proceeds backwards in the ventral median line. 


Fig. 56. 



Fig. 56. — Stpunmiu* nudfti (after Kefe’"stein and Ehlers' * 

I. The. animal laid open luii^itudinally - ii.s. T; tentacles; r, the 
four retractor musciee of tlie proboscis ; r, the points at which they 
were attached to the walls of the btxly ; <r, (esophagus ; i, intes- 
tine ; <x, anus ; J, loops of the intestine ; x, y, appendages of the 
rectum; x, fusiform muscle; ir, ciliateil gnxive on the inner side 
of the intestiiu*; 9 , anal muscles; «, ra?ral glands; caeca which 
open on each side of the nervous cord, and are generally considered 
to be testes ; p, pore at the hiinler end of ihe body ; nervous cord, 
which ends in a lobcd ganglionic mass, close to the month, and 
presents an enlargement, at its posterior end ; m, m’, m**, muscles 
associated with (he nervous cords. 

II. A larval SipuiiculusaUiut ^ of an inch long.~o, mouth ; or, gullet; 
a, ceecal gland; 1 , intestine with masses of tatty cells; </, anus; u-, 
ciliated groove of tlie intestine; y, brain with two pairs of red e^e* 
simu ; a, nervous cord, p, pore; f, #, so-called testes ; W W, circlet 
of cilia. 

giving off lateral branches. The ventral cord contains a 

* * Zoologtsciie ileitrage/ 18G1. 
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centi-al canal, and the collar usually presents a cerebral 
ganglionic enlargement. Rudimentaiy eyes are sometimes 
connected with the cerebral ganglion, 

The sexes are distinct, and the reproductive elements ai’e 
developed either from the parietes of the perivisceral cavity 
or in simple caE)cal glands. In Sipunculus^ the ova and 
spermatozoa float freely in the perivisceral cavity. 

The actively locomotive embryo of Sipunculus (Fig. 56, II) 
is surrounded by a circular band of cilia placed immediately 
behind the mouth (w, w), and resembles a Rotifer or a 
mesotrochal Annelidan larva. As development advances it 
loses this apparatus, and passes gradually into the adult 
form. In Phoronis, the embryo is also mesotrochal, but it 
has two ciliated bands, one circular, round the anus, and the 
other immediately behind the mouth. The post-oral band 
of cilia is produced into numerous tentaculiform loV>e8, and 
fringes the free edge of a broad concave lobe of the dorsal 
side of the body, which arches over the mouth. In this 
state the embryo is the so-called Actinotroclia* An invagi- 
nation of the ventral integument of the larva connects 
itself with the middle of the intestine, and then, bfx*oming 
evaginated, pulls the intestine, in the form of a loop, into 
the ventral process thus formed, which gives rise to the 
body of the Phormib, while the tentacles of the larva grow- 
into those of the adult. Schneider has suggested that 
the bell-shaped larva, with long seUe, termed Mitraria by 
Muller, is the embryo of Stemoitpin, 

The aiflnities of the Gephyrea with the Turbellaria, with 
the Annelida, and with the JRotifera, are unmistakable. 
In fact, it may be doubted whether 8i*^ui9pi$ should not be 
associated with the Polych<Bta, and Bonellia is in many re- 
spects comparable to a colossal Rotifer. Their usually 
assumed connexion with the Echinodervuita is more ques- 
tionable. The circular canal which communicates with the 
cavities of the t^mtacles in Sipunculue has been coinpanxl 
to the ambulacral system of the Eebinoderms, but the 

• 8ch»*i»ldfr. ** Ue!t€*r die Mefim(»r]>ho»eder ActinotrocKa Iranchiuta'’ 
(* Archiv liir Anat./ 1862 ) 
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manner of its development is not yet sufficiently understood 
to justify the expression of an opinion on this subjer t. 
Krohu has described a bilobed organ on the ventral face 
of the gullet of the larva of Sipunculus, which opens 
externally in front of the ciliated band by a nan*ow ciliated 
duct* (Fig. 56, II. fl). It has a striking similarity to the 
“ water- vessel ” of the larva of Balanogloams, which, how- 
ever, lies on the opposite side of the bod;*. 

• ** Teber die Larve de« SipuTuuiuM nudut.** (* Arobiv filr Aimt.,’ 

}s:>\ ) 



250 THE ANATOMY OF INVBETBBaATBD ANIMALS. 


CHAPTER VJ. 

THE ABTH&OPOHA. 

The segmentation of the body, that is, its division inU» a 
series of somites, each provided with a pair of lateral 
appendages, which is so characteristic a feature of the 
higher Annelids, is exhibited in a still more marked degree 
by the Artkropoda. In these animals, moreover, the appen- 
dages themselves are usually divided into segments, wbil«* 
one or more pairs of the appendages in the neighbourhoo<l 
of the mouth are modified in form and position to sub- 
serve manducation. Segmental organs, at least in their 
Annelidan form, are wanting in the AriAropoda, and neither 
in the embryonic nor the adult condition do they ever 
possess cilia. 

The process of yelk-division may be complete or incom- 
plete, but no known Arthropod ovum gives rise to a vesicu- 
lar morula, nor is the alimentary cavity ordinarily formed 
by invagination,* The precise mode of origin of the meso- 
blast has yet to be worked out, but the perivisceral cavity 
appears always to be developed by its splitting. In 
other words it is a schizoemU. 

As with Annelids, the segmentation of the body results 
from the subdivision of the meeoblast by transverse con- 
strictions into protosomiiett ; and there is every reason to 
believe that the ganglionated nervous chain arises from an 
involution of the epi blast. 

• The recent observations of show that the hypobUst arises 
Bohretaky on tite development by a sort of roodihiMl invaginaiiou 
of t/fiiscaj and 11 olmann of the primitive blastoderm, 

and bchwaibe, ‘ Jaliresbericiiie/ And mother ^rM/iyioda there are 
Ed. ii,, ISidJ however tend to indtcaiions of a simiiar procesa. 
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The neural face of the embryo is fashioned first, and its 
anterior end terminates in two rounded expansions — the 
procephalic lobes — which are converted into the sides and 
front of the head. The appendages are developed as paired 
outgrowths from the neural aspect of each somite, and what- 
ever their ultimate form, they are, at first, simple bud-like 
processes. Very generally, a broad median prolongation of 
the sternum of the somite which lies in front of the 
mouth, gives rise to a labrum ; while a corresponding, but 
often bifid median elevation, behind the mouth, becomes 
a 7net<Mtojna. 

In many Arthropods, the haemal or tergal face of the 
body grows out into lateral processes, which may either be 
fixed, or more or less moveable. The lateral prolongations 
of the carapace in the Crustacea and the wings of Insecta 
are structures of this order. 

In a niiml>er of Insects belonging to different orders of 
the class, an amnionic investment is developed from the 
extra-neurjil j)art of the blastoderm ]>y a method similar 
to that which gives rise to the amnion in the higher Verte- 
hraia. 

In all the higher Arthropods, a certain number of the 
somites which constitute the anterior end of the body 
coalesce and form a head, distinct from the rest of th»‘ 
body ; and the appendages belonging to these confluent 
somites uiulerg(.> remarkable modifications, whereby they 
are converted into <»rgaU8 of the higher senses and into 
jaws. In many Ciises, the somites of the middle and 
posterior parts of the body In^come similarly differentiat<^d 
into groups of polysoiiutic segments, which then receive 
the name of thorojR and abdomen. The somites entering into 
each of these gnmps may remain distinct or may coalest'c 
The tergal expansiims of thesomiU^s of the heud, or of 
head and thorax, may take the shape of a broad shield, or 
carapace. This may tnuistitute a continiuius whole {c.y. 
ApuM^ A$taeus) ; or its two halves may l>e moveably oonnecU^I 
by a median hinge, like a bivalve shell {Ctfpris, LimnadiaK 
or finally, the tergal pr<K‘es»es of each side may remain dis- 
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tinct from one another and freely moveable on their respec- 
tive somites (wings of Insects). 

^ Limbs, or appendages capable of effecting locomotion, 
are always attached either to the head or to the thorax,* or 
to both. They may be present or absent in the al.'dominal 
region. In adult Arachnida and Insecta, there are no 
abdominal limbs, unless the accessory organs of generation, 
the stings of some insects, and the peculiar appendages of 
the abdomen in the Thymnura and Collevibola be such. 

The alimentary apparatus presents very wide diversities 
in form and structure, and in the number and nature of 
its glands. The anus, which is very rarely absent, is situated 
in the hindermost somite. 

In like manner, the blood-vascular system varies from a 
mere perivisceral cavity without any heart {Ostracoda, Cirri- 
pedid) up to a complete, usually many-chambered heart with 
well-developed arterial vessels. The venous channels, how- 
ever, always have the nature of more or less definite 
lacunae. The blood corpuscles are colourless, nucleated 
cells. 

Special respiratory organs may be absent, or they may 
take one of the following foims. 

1. Branchice. Externally projecting processes of the body 
or limbs, supplied with venous blood, which is thus brought 
into contact with the air dissolved in water. 

2. Trachece. Tubes which traverse the body and gene- 
rally open upon its exterior by apertures termed stigmata, 
and thus bring air into contact with the blood and the 
tissues generally. Saccular reservoirs of air are often 
formed by dilatations of these tubes. 

The so-caDed Tracheo-hranchiw of some aquatic Insect 
larvae are usually laterally projecting processes of more 
or fewer of the thoracic or abdominal somites, containing 
abundant tracheae, which communicate with those which 
traverse the body {Ephevieridcp, Perlaridm), They are in 
no sense branchiae, but simply take the place of stigmata. 
The exchange of constituents between the air contained 

* The extinct TriIohite$ possibly form an exception to this rule. 
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in the tracheae of these animals and that of the surrounding 
medium, is effected indirectly, by diffusion through the 
walls of the tracheo-branchiae, instead of directly, through 
the stigmata, as in other cases. 

In the aquatic larvae of many Dragon-flies {Lihellulidw]^ 
the function of the ti*acheo-branchiaB is performed by folds 
of the lining membrane of the rectum, which contain abun- 
dant tracheae. Water is drawn into, and expelled from, the 
cavity of the rectum by rhythmical contractions of its walls, 
so as to secure the exchange of gaseous constituents between 
the air which it contains and that which fills the trachea?. 

3. Pulmonary sacs. These are met with only in some 
Arachnida. They are involutions of the integument, the 
walls of which are folded in such a manner as to expose 
a large surface to the air. which is alternately taken into, 
and expelled from, their apertures. The blood is brought 
to these sacs by venous channels. 

The exact mode by which the separation of the nitro- 
genous products of the waste of the tissues from the blood 
is effected in Arthropods requires further elucidation. In 
many however, such products, notably uric acid, have been 
found tc> abound in the corptis ndiposum — a cellular mass 
which lies in the walls of, and more or less fills, the peri- 
visceral cavity — and in the Malpighian glands. In the 
latter case, they arc conveyed out of the body by the intes- 
tine. 

The nervous system consists primitively of a pair of 
ganglia for each somite, but the number of ganglia dis- 
coverable in the adult depends on the extent to which 
these primitive ganglia coalesce. There is usually, if 
not always, a well-dc'veloped system of gaugliouattHl Ws- 
ceral nerves, coniuvt^nl with the cerebral ganglia and 
distributed to the gullet and stomach. 

Eyes are usually present ; and, when they exist, they arc 
almost always situattnl in the he^id and are connected 
with the cerebral ganglia. Among the Crustacea, however, 
Euphautiia has eyes in some of the thoracic limbs, and in some 
abdominal somites* The eyes may be simple or compound. 
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In the latter case there are, in correspondence with the 
number of paits into which the transparent comeal con- 
tinuation of the chitinous cuticula over the eye is divided, 
a number of elongated bodies which lie between the outer 
surface of the ganglionic expansion of the optic nerve and 
the inner face of the cornea. These bodies consist of 
two parts : an external transparent crystalline cone and an 
internal prismatic rod. The broad end of the cone is 
external, and is applied to the inner surface of the comeal 
facet ; its narrow end is continuous with the outer extremity 
of the prismatic rod, which, by its inner end, is connected 
with the ultimate ramifications of the optic nerve. Each 
of these crystalline cones and prismatic rods is separated 
from the rest by a pigmented sheath.* 

Distinct auditory organs have been observed in Crus- 
taceans and Insecta. They are not exclusively confined 
to the head. In the opossum shrimp {Mysis), for example, 
they are place<l in the appendages of the last somite of tlu* 
abdomen. And in Insecta, the only organs to which the 
auditory function can be certainly assigned are situated 
in the thorax or in the legs. 

There is some reason to think that the antenna? of Insects 
are the seat of the olfactory function, but no certain 
information on this head has l>een obtained. The very fine 
set® to the bases of which ner\"eH can be traced, which 
abound on the antennary organs of In^ecia and Cnistacea, 
but are found in other regions of the body, arc probably 
partly tactile and partly auditory organs. 

As a general rule, all the muscles of the Arihropoda, oven 
those of the alimentary canal, are striated. Those of the 
body and limbs are often attached by chitinised Umdons t<» 
the parte which they have to move. As the hard skeleton 
is hollow and the muscles are inside it, it follows that the 
body, or a limb, is bent towards that side of its axis, which 

♦ IiOydig, * Dm Augc dor Glie- cy« of the lohiifcr, nccr>mmnie<i 
derthiere,* 1864. Schulze, * IJn- by full referencet to the litera* 
terzuchungen,’ 1868. Mr. E. T. lure uf thetui jeeb in the *Quar- 
Newton wui given a very good terly Jonruai of Microscopical 
acoount of the stracture of the Science * for 187&. 
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is opposite to that on which a conti’acting muscle is 
situated. 

Sounds are produced by many Insects; but in most* 
cases, they cannot be properly refen*ed to a voice, in the 
sense in which that term is applied to the sounds pro- 
duced in the higher animals, by the vibrations of the 
atmosphere arising from the impact of a current of air 
upon the free edges of membranes bounding the aperture of 
exit of the current. The chirping and humming of Insects 
often arise from the friction of their hard parts against 
one another, or from the rapid vibration of their wings ; in 
some instances, however, recent investigations render it 
probable that they are produced by the action of expiratory 
currents on tense membrane which bound the stigmata. 

Agamogenesis is very common among some groups 
of the Arthropoda, such as tbe Crustacea and the Insecta, 
but has not yet been observed in the Mijriapoda or the 
Arachnida. It may be effected in one of two ways : 

1. Either individuals which are, by their structure, incap- 
able of being impregnated and are therefore physiologically 
sexless, though it may happen that they more or less ap- 
proximate females morphologically, give rise to offspring 
I Cecidoniyia larvae. Aphis) ; 

1. Or individuals which are capable of being impregnated, 
and are thus both morphologically and physiologically true 
females, give rise to eggs which develope without impreg- 
nation. (The queen bee, so far as the production of dnmes 
is concerned ; msiny Lepidaptera.) 

The cases of Apus, Daphnia and Cypris would bidong 
to the latter category, if it wen» certain that the very same 
females which, for a certain period, produce young 
agamogenetically, at another time undergo fecundation 
Multiplication by fission or external gemmation is not 
known to take place in any Arthropod. Hermaphrodism 
occurs as a rule in some few Arthropods (e.gr. the Clrripedia 
and Tardiyrada), and as an abnormal * sport ’ in sundry 
Crustacea and in many Insecta. 
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In absolute number of species, the Arihropoda far exceed 
all the rest of the animal kingdom put together. Thus 
ijrevetaeeker,’^ while allowing 50,000 species for the latter, 
estimates the number of species of Arihropoda as rather 
above than below 200,000 ; by far the larger proportion of 
these, probably more than 150,000, being Insects. 

The Arihropoda are commonly divided into the Cnuiiacea, 
the ArcLchnida, the Myriapoda, and the Insecia ; and though 
it is impracticable to give a definition which shall absolutely 
separate the first two groups, it is perhaps not w'oi'th while 
to disturb an ari*angement which has much practical con- 
venience. But. for purely morphological purposes, it may 
be instructive to regard them from another point of view. 

The Arihropoda may, in fact, be divided into two series. 
One of these consists almost wholly of air-breathing forms, 
w hich, if they possess special respiratory organs, have either 
pulmonary sacs or trache®, or both combined ; while the 
other includes a corresponding predominance of water- 
breathing animals, w’hich, if they possess rcispinitory orgJins. 
have branchiae. The latter series contains the CruM^icea ; 
the former comprises the Arachnida, Myriapoda, and 
Insecia. 

In the course of tlie development of the higher Arihropoda, 
there is a stage in which the l)ody begins to be segmentixi, 
but the appendages are not developed. This is followed by 
a stage in which ap>pendages make their appliance, but 
the antennary and manducatory appendages [gniaihiU^^ arc 
like the other limbs : and, finally, there is a stage in w hich 
the gnathites are completely converted into jaw^s. Now , 
among the water- breathing Arihropoda, no trace of limbs 
has yet be^n certainly discovered among the Trilobiin ; in 
the MerosUmata {Eurypierida and Xiphamra) the gnathites 
are completely pediform; while, in the EnUnno«traca and 
Malacadram, more or fewer of the gnathites are so modified 
as to subserve manducation and no other function. 

♦ * KlMien und Ordnungen det Thlcrreichu,’ vol. v j». 

m. 
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In the air-breathing series, no completely apodal forms 
are known. The Tardigrada and the Pentastoviida appear 
to have no jaws ; but the presence of oral stilets in the 
former, and the position of the hooks which represent the 
limbs in the latter, throw some doubt upon this point. 

In the Artichnida and the Peripatidea the gnathites are 
completely pediform. But, in the Myrlapoda, and still 
more in the Insecta, the gnathites lose the character of legs, 
and are completely converted into manducatory organs. 
Thus wc arrive at the following arrangement of the Arthro- 
poda ; — 

Arthropoda. 

J, WitJwiU Gnathites. 

Trilobita. Tardigrada (?) Pentastomida i?) 

11. With Pediform Gnathites. 

Merostomata, Arachnida. Peripatidea. 

III. With Maxillifonm Gnathites. 

Entomostraoa, Myriapoda. 

Malacostraca. Insecta. 

W atcr- breat hei*s. Air-breathers. 


For the most part. 

Of the four great groups, the Crustacea are those which 
present the greatest and the most instructive variations 
upon the fundamental ty])e of structure ; while the modifi- 
cations of the Insecta, Arachnida, and Myriapod J, are less 
extensive, and may be regarded as of secondary morpho- 
logical importance. The Crustacea will therefore he treated 
of at some length, while the other groups will be passed 
over more lightly. 
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THE CRUSTACEA. 

The Tbilobita. — These ancient Arthropods, which have 
been extinct since the latter part of the Palseozoic epoch, 
occur in the fossil state in great numbers, and in conditions 
very favourable for their preservation ; but, up to this time, 
no certain indications of the existence of appendages, 
nor even of any hard sternal body-wall, have been dis- 
covered, though a shield-shaped labrum, which lies in front 
of the mouth, has been preserved in some specimens. The 
body consists of a cephalic shield (Fig. 57, A) ; of a variable 
number of movably articulated thoracic somites 57, B) ; 
and of a pygidinm, composed of a variable number of 
the somites which succeed the thorax, united together 
(Fig. 57, C). 

Each thoracic somite presents a median portion, convex 
from side to side, termed the axis or tergum, and two 
flattened lateral portions, i\ie pleura. The former overlap 
one another largely when the body is extended ; the latter, 
when it is flexed ; and the freedom of motion permitted by 
this arrangement is so great, that many Trilobites were 
able to roll themselves up like woodlico, and are found 
fossilised in that condition. At the latcnil edge of each 
pleuron, the cuticular substance of which it is composed 
folds inwards, and can be trace<l on the ventral or sternal 
side for some distance. But in the middle of the ventral 
region no indication of a sternum is discoverable. It may 
therefore be conclude<l that the sternal region of the 
somite was of a soft and perishable nature ; and that the 
thoracic somite of a Trilobite rc^sembled one of the al>do- 
jninal somites of a crab in this and in some other resptx^ts. 

The glahellum (Fig. 57, 4), or central raised ridge of 
the cephalic shield, is a continuation of the thoracic axis, 
the lobation of its sides perhaps referring to the number 
ol primitive somites it represents. The limb, or latenil 
area on either side, answers to a thoracic pleuron ; its 
thickened margin (Fig. 57, i ) is produced into two longer 
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or shorter posterior angles ( 9 ) ; inferiorly, the marginal 
band is reflected inwards for a short distance, as the 
suhfrontal fold, the remaining sternal area being incomplete 
A median moveable plate answers to the labrum of Apu^ 
and Limulus. On the occipital or lateral margin of the 


Fig. 57. 



Fig. 57 . — Diftgrain of (nftcr Pictet).-— A, head ; 

nal band ; 2, marginal groove, internal to the band ; 3, occipital 
segment; 4,’glabeiiuni ; 5, great suture; 6, eyes; o, fixed gena: 
separable gena; p, genal angle; H. thorax; 7, axis or tergam; 
pleuron ; pygidiuin ; It, tergal ; 10, pleural portions of the pygi* 
dium. 


limb a suture (Fig. 57, 5 ) commences, and passing between 
the eye and tli(‘ glabellum, meets that of the opposite side 
either in front i>f the latter, or on the margin of the limb, 
or on the subfroutul fold, and is connected with the labnd 
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suture by one or two sutures. The limb is thus divided into 
two pai’ts — one fixed (the fixed gena^ Fig. 57, a), attached 
to the glabellum ; the other separable (the moveable gena. 
Pig. 57, 5), on which the eye is placed. The eyes are absent 
in some genera. In others, they occur as isolated ocelli ; or 
in groups, their interspaces being occupied by the common 
integument ; or they may resemble the compound eyes of 
other Arthropods. 

M. Barrande*^ has succeeded in tracing out the develop- 
ment of some species of Trilobites. He finds that the 
smallest, and therefore youngest, forms are discoidal bodies, 
without any clear evidence of segmentation. The division 
into somites takes place by degrees, the number increasing 
up to the adult condition. It is possible that still younger 
conditions may have escaped fossilisation, but the analogy 
of Lirmdus suggests that these small discoidal forms really 
represent the condition in which the Trilobite left the egg. 

The MEROSTOMATA.t — The only existing representative 
of this division of the Crustacea is the genus Limulm (the 
King Cmbs or Horse-shoe Crabs), the various species of 
which are found in America and in the Moluccas. They 
are usually classed as a distinct order of the Crusiaccdy 
termed Xiphasura or Pcecilopoda. 

The body of Limulus (Fig. 58) is naturally divided into 
three parts, which are moveably articulat(‘d together. The 
most anterior is a shield-shapecl portion, curiously similar 
in form to the liead of a Trilobite. Its convex dorsal 
surface is similarly divided into a median and two lateral 
regions; its edges are thickened, and its posterior and 
external angles are produced backwards. At the anterior 
end of the median region two simple eyes are situated, 
and at its sides are two large compound eyes. The sternal 
surface presents, anteriorly, a fiattened suhfronial area, 

* <8ir«ttee Silarien da cantr« graph of the BrlUih foitil Crtu- 

^Booaiiis/ Tome 1. Trilobites. taoea belonging to Uie order 

MeroftomsUy* 1866. 

Woodward^ * A Mono- 
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behind which it is deeply excavated, so that the labrom and 
the appendages are hidden in a deep cavity formed by its 
shelving walls. The middle division of the body of Limulu^ 
exhibits markings which indicate that it is composed of, at 
fewest, six coalesced somites ; its margins are spinose, and it. 
excavated sternal face lodges the appendages of this region 

Fig. 58. 



Fig. 58. — A, LimuluM moiucatnttx (dorsal vicn). B, Z». rohmdHrtmdm 
(ventral view), (after Milne- Kd^^anU) ; a, anterior. 6, middle diviaion 
of the body ; c, teUon ; f/. subfroutal area ; e, antennulea; /, anteu- 
nae ; operculum ; A, braiichiferuus apiiendages. 

The terminal division is a long, pointed, and laterally 
serrated spine, which is termed the telson. 

The mouth is placed in the centre of the sternal surface 
of the anterior division ; the anus opens on the same sur- 
face, at the junction between the midille division and the 
telson. A moveable, escutcheon-shaped, labrum projects 
backwards in the middle line, immediately behind the iub- 
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frontal area {d) ; and, on each side of it, is a three-jointed 
appendage, the second joint of which is prolonged in such 
^ manner as to form with the third, a pincer or chela. The 
attachment of this appendage is completely in front of 
the labrum, which separates it from the mouth. 

In each of the next five pairs of appendages, the basal 
joint is enlarged ; and, in the anterior four, its inner edge is 
beset with numerous moveable spines. The attachment of 
the basal joint of the foremost of these api>endagos (the 
second of the whole series) is in front of the mouth ; but 
its prolonged, spinose, posterior and internal angle may be 
made to project a little into the oral cavity. The basal joints 
of the following three appendages are arti(‘ulated at the 
sides of the mouth, and the inner angle of each is pro- 
vided with a spinose process which projects into the oral 
cavity. The second, third, fourth, and fifth appendages in 
the females are chelate ; in the males of most species, 
the second, and sometimes the third, are not chelate. The 
large basal joint of the sixth appendage is almost devoid 
of spines, and bears a curvcHl, spatulate process, which is 
directed backwards between the anterior and middle divisions 
of the body. The fifth joint of this limb carries four ovjil 
lamellae. The appentlages which form the seventh pair, 
very unlike the rest, are short, stout, and single-jointed. 

The eighth pair of appendages, jigain, are of a totjilly 
different character from those which precede them. They 
are united in the middle line into a single broad plate, 
which forms a sort of cover, or operculum, over the succeeding 
appendages, when the animal is viewed from the sternal 
side. On the dorsal face of this plate are seated the two 
apertures of the reproductive organs. 

Prom the inner face of the anterior, or stenial, wall of each 
half of the operculum a strong process arises, and passes 
upwards to be attached to a corresjsiuding process of the 
tergal wall of the anterior division of the Ixsly. By for 
greater part of the large levator muscle of the 
appendage arises from the tergal wall of the anterior 
dirmon of the body, and the nerve which supplies 
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the limb is derived directly from the posterior part of 
the midtiganglionate cord which surrounds the gullet and 
supplies the appendages which lie in front of the opefculum. 

The five pairs of appendages which remain resemble 
the operculum in their general form, and have ascending 
processes, which ai*e connected with inward prolongations 
of the tergal wall of the middle division of the body. 
Their nerves are derived from the ganglia which lie in this 
region of the body. 

Thus there are altogether thirteen pairs of appendages, 
eight of which are connc^cted wdth the anterior, and five 
with the middle division of the body ; and the appendages 
in the region of the mouth are essentially ordinary limbs, 
the basal joints of some of which ai*e so modified as to 
subserve mandueation. 

The determination of the homologies of the parts hither- 
to spoken of as the anterior and middle divisions of the 
body, and of their appendages, is a matter of some difficulty ; 
but, on Ci-unparing the disjxjsition of the limbs and their 
nervous supply with what obtains in the higher Crustacea, 
it seems hardly doubtful that the first pair of appendages 
answer to the anteniiules ; the second, to the antenna? ; the 
third, to the mandibles ; the fourth find fifth, to the maxilla? ; 
and the sixth, seventh, and eighth, to the maxillijHHles of 
Astacus or Hmnarus ; and> in this case, the anterior division 
is a cephalo-thomx. If the position of the genital openings 
marks the hinder boundary of the thorax, the middle 
division of the IxKly represents an abdomen, compostnl of 
five somites. But, on the other hand, it may be that the 
genital organs open in fi'ont of the hinder extremity of 
the thorax, as in female Podophthalmia, and that the five 
somites which form the midtUe division correspond with 
the remaining five somites of the thorax of a Podophthal- 
mian. In this ease, the region which corresjmnds with the 
abdomen in the higher crustaceans is iiudeveloj>eil. 

The ^imeutary caniil of Limulus is very peculiarly ar- 
ranged. The gullet passes directly forwards and upwards, 
and gradually widens into the stomachy the walls of which 
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are provided with many longitudinal folds. The pylorus 
is prolonged into a narrow tube which projects into the intes- 
tine. The two biliary ducts on each side are far apart, 
and branch out into minute tubules, which form a mass 
occupying the greater part of the cavity of the body. The 
rectum, a slender canal with plaited walls, and very short, 
opens into a sort of cloaca situated between the telson and 
the sternal wall of the abdomen. 

The heart, in Limulus polyphetnus, is an elongated mus- 
cular tube, divided into eight chambers, and having as many 
pairs of lateral valvular apertures. It lies in a large peri- 
cardial sinus, which, in its abdominal portion, presents on 
each side five apertures, the terminations of the branchial 
veins. The branchiaa consist of numerous delicate semi- 
circular lamellae, attached trainsversely to the posterior fact^ 
of the five post-opercular appendages, and superimposed 
upon one another like the leaves of a book. 

The nervous system appears, at first sight, to be very con- 
centrated, its principal substance being disposed in a ring, 
embracing the cesophagus ; but, on closer inspection, it is 
found to consist of an anterior mass, representing the prin- 
cipal part of the cerebral ganglia in most other Cnutacsa, 
and of two ganglionic cords which proceed from the outer 
and posterior angles of that mass, and extend as far as the 
interval between the last and penultimate pairs of appen- 
dages. These cords are thick, and lie on each side of the 
oesophagus, around which they converge, so as to come into 
close union and almost confluence, immediately behind it. 
In front of this point, however, they are connected by three 
or four transverse commissures, which cnn^e round the pos- 
terior wall of the oesophagus, and become gradually shorter 
from before backwards. 

The first of these commissures unites the two cords oppo- 
site the origin of the nerves to the third jiair of appendages, 
which I regard as the homologuos of the mandibles. In 
front of this point, the cerebral ganglia give off, from their 
anterior edges, the nerves to the ocelli, eyes, and frontal 
t^on ; and, from their posterior and under surfaces, those 
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to the antennulee. The nerves to the antennae arise from the 
cord close to the outer and posterior angles of the cerebral 
ganglia, and some distance in front of those to the mandibles^ 
Close behind the latter, arise the large nerves to the fifth 
and sixth cephalo-thoracic appendages. 

The nerves to the rudimentary seventh pair of appendages 
are slender, and arise rather from the under part of the 
post-oesophageal ganglia; those which supply the eighth 
pair of appendages, constituting the operculum, are also 
slender, and seem to come off from the two longitudinal 
commissural cords, which connect the post-oesophageal 
ganglia with those which are situated in the second division 
of the body, though they are, in truth, only united in one 
sheath with them for a short distance, and can be readily 
traced to the post- (esophageal ganglia, internal to the 
nerves of the seventh pair of appendages. The longitu- 
dinal commissures are very long, and are enclosed in a 
continuation of the same sheath; they pass back into the 
second division of the body, and there present four gan- 
glionic enlargements, whence the nerves of the post- 
opercular appendages proceed. The last of these ganglia 
is much larger than the others, and appears to consist of 
several confluent masses. The ner^^es diverge from it in 
such a manner as to resemble a caitda equina. 

The reproductive organs of both sexes consist of a mass 
of glandular capca, which nimify through the body amidst 
the hepatic tubules, and eventually open on papill® situated 
on the posterior face of the operculum. The males are 
much smaller than the females, and present, in many 
species, an external sexujil distinction in the peculiarity of 
their second and third appendages alieady referred to. 

The young of Limulus acquires all its chjuucteristic 
features while still within the egg. The interesting obscr- 
vations of A. Dohrn * have shown that, in an early stage, 

* “ Untorsuchungen iiber Bau tions of Ix>ckvrood ind Paokanl, 
und Entwiokelung der Artiiropo- * Amerlosu Naturalijit,* vol. iv. 
<ieii.’» (‘ JcnaUche Zeitichrift/ 1871 , vol. vii. 1873 , ind ‘ Memoirs 
Bd. vl.) Se« also the observa- of the Boston Society of Natural 
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the embryo is provided with the nine an ten or pairs of ap- 
X)endages, and is marked out into fourteen somites by trans- 
lierse grooves upon ita sternal face. The body has the form 
of a thick rounded disk, divided into an anterior shield 
composed of six somites, and a posterior, likewise shield- 
shaped region, formed by the union of eight somites. The 
telson has not made its appearance. In this condition, its 
resemblance, apart from the limbs, to such a Ti*ilobite as 
Trimicleu^ is, as Dohm points out. most remarkable. 

The Xiphosnra were represented in the Carboniferous 
epoch {Bellinurus). 

The Eurypterida (Fig. 59) are extinct Cntdacea of Paheo- 
zoic (Silurian) age, which sometimes attain a veiyr large 
size and in many respects resemble Ltmtiht^i, while, in others, 
they present approximations to other Crustacea, especially 
the Copepoda. An anterior, eye-bearing, shield-shaped divi- 
sion of the body is succeeded by a number (12 or more) of 
free somites, and the body is ended by a broad, or narrow 
and spine-like, telson. Five pairs, at most, of limbs, pro- 
vided with toothed basal joints, are attached to the sternal 
surface of the shield, and the miaith is covertHl, behind 
them, by a large ovitl plate which appears to represent a 
metastoma (Fig. 59, B y.). Some of the anterior limbs are 
frequently chelate {Pterygotiis) ; the terminal joints of the 
most posterior pair are generally expandtfd and paddle-like. 
The integument often presents a j>eculiar sculpture, simu- 
lating minute scales. The sternal surface of one or more 
of the anterior free somites is occupied by a broad plate, 
with a median lobe, and two latendly -expanded side-lol>t*8 
(Fig- 59, B /i), having a remote resemblance to the oper- 
culum of Limulus. 

The Entomostraca. — All the remaining Cnishicea have 
completely specialised jaws ,* and os many as six pairs of 
appendages may be converted into gnathites. 

History/ 1872; with the discus- Limuitu by £. van Bencdcn, 
•to m the systematic place of * Journal de Zoologie,* 1872. 
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three pairs of gnathites. The embryo almost always leaves 
the egg in the condition of a Nauplitis ; that is, an oval body, 
provided with two or three pairs of appendages, which be- 
come converted into antennary organs and gnathites in 
the adult. The division of the Enimnoatraca comprises the 
Copepoda, the Epizoa, the Branchiopoda, the Oiiracoday and 
the Pectosbraca. 

The CoPEPODA. — In these ErUomo^traca, which come 
nearest to the Eurypterida, the cephalic shield, which is dis- 
coidal and not folded longitudinally, is succeeded by a 
certain number of free thoracic and abdominal somites. 
The antennules and antenna? are large, and, as in the 
Eiirypterida, are organs of locomotion and sometimes of 
prehension. The anterior thoi*acic members are converted 
into foot jaws; the posterior serve as paddles, the limbs of 
each pair being often united together in the middle line, 
as in Ltmulus. The embr^'o leiives the egg as a NaupUu^. 

The various species of the genus CyclopSy wliieh abound 
in fresh water, afford excellent illustrations of the struc- 
ture of the Copepoda. 

The minute animal (Fig. 60' is shaped something like a 
split pear, the larger end corresponding with the head, and 
the convex side with the dorsal surface. The anterior third 
of the body is covered by a hirge carapace, w hi h, at the 
sides, extends do^vn wards as a free fold over the bases of the 
appendages, but is hardly at all free posteriorly. Anteriorly, 
in the middle line, it curves forwards and dowm wards, and 
is produced into a short rostrum, on eiu*h side of which a 
considerable excavation lodges the base of the long anten- 
nule, by the vigorous oar-like strokes of which the animal 
darts through the water. At the luitenor boundary of 
the head, the double, block, median eye, which, unless very 
closely examined, appears single, shines thrciugh the cara- 
pace, and at the sides of the latter, two coiled tubes witli 
clear contents, the so-called uhtlUylands, are seen. 

Four distinct and moveable somites succeed the carapace, 
and gradually diminish in diameter. The body then sud- 
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denly enlarges, and becomes divided, in the female, into 
four segments, the last of which gives attachment to two 
long setose styles, which possibly represent another somite. 
There is a well-developed and prominent labmm (or con- 
joined epistoma and labrum) in front of the month, and 
behind it is a bilobed metastoma. The first pair of appen- 



Fig. 60. — Cyr/ty)#.— Side view of an adult female carTV*ing a pair ot 
ovisac*, and ventral view of the head, showing the labruin, nu ta- 
stoma and appendages of Uie left side. 1', eye, ir, antennole, IIT, 
antenna, IV mandible, V', first maxilla, Vl',' second maxilla (crrt>- 
ncously marked VII'), a, outer, />, inner division. 1, 2,3, 4,5, thi>racic 
limbs. H, rostrum : labrum ; mt, metastoma. 

dages are the long and many-jointed auUnnules, which are 
the chief organs of UKomotion. These are succeeded by 
the short and few-jointed antennie. The third pair of 
appendages, or first ptvir of gnathitos, differs from the cor- 
responding limb in Limulu$ in the reduction of the greater 
part of the appendage to a rudiment terminated by 
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setaB, while the strong basal part is the principal gnathite 
or mandible. The second pair of gnathites are strong and 
incurved; following upon these is a third pair of appen- 
dages, each divided into two portions, an inner and an 
outer. Tbe latter is by far the larger, and is so constructed, 
that the three distal articulations can be bent back upon 
the proximal ones, and opposed to the internal division, 
constituting a prehensile organ, the “hand"’ of Jurine.* 
Thus the gnathites of Cyclops are a pair of mandibles 
followed by two pairs of maxillse. At some distance be- 
hind the third pair of gnathites the first pair of thoracic 
appendages is attached to the hinder part of the eophalo- 
thorax. Each consists of a two-jointed basal part {protopo- 
dite)y terminated by two three-jointed divisions {exopod He and 
endopodite\. Three similar pairs are appended to the three 
anterior free somites, while a fifth rudimentary pair is 
connected with the next and smallest of these somites. 
The suddenly enlarged following segment of the body 
carries the apertures of the reproductive orgiuis in tJie 
female, and supports the ovisiics. It is commonly regarde«l 
as the first abdominal somite ; but, according to Claus, it is 
composed of two distinct somites, which l>e<’oine united only 
after the last moult. 

The alimentary canal is straight and simple, and without 
any distinct liver. There is no heart nor any special 
respiratory organ. 

The single ovary, situated in the thorax, is provided with 
two oviducts, which open on the sides of the c«>alesced first 
and second abdominal tK>mite«. On the ventral face, l>etw’eeu 
the apertures of the oviducts, is the median aperture of a 
coUeterial gland which secretes the viscid matter which 
fomas the coat of the ovisac. Short lateral ducts connect 
the gland with the extremities of the <jviducts. 

• That these arc two divishmii podcn.* Wuratburg Nsturwiim, 
of the third gnathite, and not two Zeiiichrift, 1862.) Under lhe»e 
•eporate appendages, has been de- circumatanret 1 do not know why 

monatrated by tracing out their they ihouid be termed maxi II 
development. (Claus, * Organiza- pedes."* 
tloo uim V erwandtschaft der Cope- 
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The male ia much smaller than the female, and the two 
enlarged somites of the abdomen remain distinct. There 
is a single testis provided with two vasa deferentia. A. 
specially glandular portion of the latter secretes the mateHal 
of the spermatophores, or cases in which the spermatozoa 
are enclosed. The antennai are thickened, and provided 
with a peculiar hinge-joint, by means of which the male 
firmly seizes the fourth pair of swimming legs of the female 
during copulation, and then bending up his abdomen, 
deposits two of the spermatophores on the median opening 
of the coUeterial gland, into which the spermatozoa pass on 
their way to the oviducts. The gland thus plays the part 
of a spermatheca. The eggs are carried about in the 
ovisacs until they are hatched. 

The vitellus undergoes complete division, and a morula 
results, the blastomeres of which soon become ditferen- 
tiaU^d into a superficial epi blast, surrounding a deeper- 
coloured mass, which gives rise to the hypoblast and 
mesoblast. The whole embryo then becomes divided by 
two constrictions into three segments, and the hypoblast 
arises by delamination around a centi*al cavity, which 
becomes the alimentary canal. There is a large labrum on 
the ventnil side of tlu' first segment in front of the mouth. 
The eye appears on the tergal aspect of the most anterior 
segment, as two pigment-spots which soon coidesce iut<) one ; 
and a pair of jointed setoso limbs grows out of each segment. 
In this A^aMp/iMj*-8tate the young Cyclops leaves the egg. 

The posterior part id thv body elongates and bd omes 
divided into the s*miites of the thomx and abdomen, fnim 
which their respective apj^endages bud out; and these 
changes are aci*ompaiueil by exuviation of the cuticle. The 
three pairs of appendages v>f the ^(lupliuH are convert^ni 
into the ant<*nnub*H. anti iina*. and mandibles of the adult. 

There are a few other fresh-water and many marine 
genera of Among the latter, the Pontellidm are 

remarkable for the Si*paration of that part of the bea<l 
which Wars the antennules and the antenmwfn^m the re«t, 
a peculiarity to which a panilUd can be found only among 



272 THE ANATOMY OP INVERTEBEATED ANIMALS. 


the Stomatopoda. Cory cams has two large, more or less lateral 
eyes in addition to the median eye, subchelate antenna}, 
and a rudimentary abdomen. The beautifully iridescent 
Sa^hirina has an extremely depressed l>ody, short fill- 
form antennae, two eyes, and rudimentary gnathites. A 
short thoracic heart is present in some genera. 

The Epizoa. — Insensibly connected by such genera as 
Ergasilus and Caliym with the typical Copepods, are a gi*edl 
number of very singular Crustacea, which, from their habit 
of living parasiticallv upon aquatic animals (whence their 
vulgar name of fish-lice ”), have received the title of 
Epizoa. Chondracanthns gihhosus, commonly found in great 
abundance on tlie walls of the bmnchial chamber of the 
Fishing-frog {Lophius piscatorhis), may serve very well as 
an illustration of the most remarkable peculiarities of this 
aberrant group. 

The female (Fig. 61) is not more than half an inch long, 
but, j) 08 teriorly. two long slender cylindrical filaments, (like 
the rest of the animal, of a whitish or yellowish colour,) are 
attached to its body, which is broad and flattened, and as 
it were crimped at its edges, so as to present two principal 
transverse folds. The angles of the folds are elongated 
into lateral processes (^i, i,/), and similar proc<»sse8 (d, e) 
proceed from the middle line of the l>ody, which by theoe 
outgrowths and foldings b<*come8 singularly distorted ; and 
the grotesqueness of the iinimal's ap|>earance is not a little 
enhanced by the bowing motion, accompanied by a flapping 
backwards and forwards of its gouty limbs, which it exe- 
cutes when detacluHl from the integument of the Lfphius. 

The head is expanded into a sort of h(K>d, the convex 
anterior margin of which lx*ars the anUmuuh^s and antenme, 
the latter being metamorphosed into the strong cun'ed 
books by which the Chondracanthus is securely anchored to 
the infested animal. A 8ul>qua4lrate labrum overhangs 
the month, but does not enchme the mandibles and fom 
a snctorial apparatus, as it does in some Epizoa. 

mandibles and the two pairs of maxillap resemble 
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arved hooka or claws. Two pairs of appendages (Fig. 
;;1, be), composed each of a protopodite, terminated by an 


Fig. 61. 



Cl.— Chondnu'^mthui ffvhbtmiM,- ¥em%\e: lateral view. R, ven 

al view, enlarged, u, hea<i ; h, r, appeiulnges ; r/, median darea 
roee« • e, roetiian ventral procenees ; J\ i, h, lateral procewe* ; * 
‘rminai segment, I, male ; .v, oviaaes ; m, a, niedio-dortal ovariar 
ibes ; /), lateral ovarian tubes ; o, oviduct. 2, .% antennules 
, 5, 6, anteuDfe, gnatldtcs. 

lopodite and exopodite and exhibiting hardly any trace 

*r 
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of articulation, are attached to the anterior part of tlu‘ 
body behind the head. 

The body ends in a rounded set^uient. sitnated in tin* 
deep notch ])etween the hindennost niar;j;inal processes, and 
bearing the two pro>jectinp^ vulva\ A)H)ve eac'li of these 
is a small triangular papillose lo])e (Fig. (12. km, pro])ably a 
modilied appendacre, to which, as we shall sec, the niah* 
attaches himself, while below them arc two other rudi- 
mentai*y appendages (Fig. (>2, y). The alimentary canal i.s 
a straight tube running from the mouth to tlu* op]>osi(-' 
extromit}^ of the body. No heart is dis<*overable, and the 
nervous system and organs of sense (if anyj arc equally un- 
distinguishabh'. Tlie interspace between tiie alimentary 
canal aJid the walls of the body is almost wholly occupied 
by the ovarium, which consists of four IuIh's. situated on 
each side of the intestine, and giving off ramified cteca. in 
which the ova iu*e developed. Anteriorly, each pair of tubes 
opens into the oviduct of its side, which passes down ah>ng 
the side of the body to tenninate at the vulva. The lower 
part of the oviduct contiiins a clear gelatinous substance, 
ami is very similar in aspect to the ceimmt dmd of a cirri- 
p«*de . this r^ubstance is secreted by the walls of tin* oviduct, 
and fonns the walls of the ovigenuis sac. The latter, a^ 
has been stated, has the form of a long eylindrictil fila- 
ment. the upper end of wdiiidi is firmly hrhl hetwi*eu tin* 
prominent lips of the vulva (Fig. (>2, .r . 

The mah* Clunulrnainthm d<K*8 not attain to a twelfth 
the length of the female, and looks, at first, lik<* a [>apill.i 
upon her l^sly near tin* vulva. On closo f‘xaminat ion, how 
ever, he is seen to be firmly fixe^l by his anteiinary Inndvs t » 
one of the two triangular lohes deHeril>ed ahove. The ho<»k' 
are doubtless at first attaelie<i to the lobe by museul.e 
contraction; but the connexion once effeet<‘d si'erns illdi^ 
soluble — at least macenition in caustic; soda doi-s not 
the male to l>eeome debndied. It does not appear tha( 
more than one male is attm luKl to a female. 

The body of the male (Fig. tyJj is pyriform, and exhibit' 
indicationB of a division into six segments l>eside the head 
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The anterior extremity presents a black eye-spot imbedded 
in its substance, and gives origin to a pair of rudimentary 
antennuies, and to the strong, liooked, prehensile antennaj^. 
Behind and below them is a large labriim and three pairs 
of hook-like gnathites. These are succeeded by two pairs 
of subcylindrical appendages, which apparently represent 
ambulatory limbs. 

The caudal extremity is terminated by two styles, and 
there are two prominent tul)ercles on the ventral surface of 
the penultimate somite, in wliich the genital apei’tures are 
seated. The alimentary canal is a delicate, irregular tube. 

Fie () 2 . 



Fig, C. Mftle in aitu, enlarged: r, vuIvt of 

female; ir, triangular pajulUtse lobes; q, antennm of male, r, 
eye-spot; f, testis; w, \as dettrens; r, genital aperture; ,, 
rudiiiicntary appendages of the teinale ; < 7 , loisacs. 

having many brownish granules imbedded in its walls. A 
wide oesophagus is connected with its anterior extremity . 
but the opposite end appears to be rounde<l. and to be uniti d 
with the ventral surface of tin* integument only by connec 
tive tissue. A complex muscular system, composed of 
striped tibrt*s, is visilde through the iiiteg\iment. and the 
eye-spot seems to be coiineeted with a subjacent gan- 
glionic mass. The body is sulliciently transparent to 
allow the pulsatioiiH of a heart io be seen, but none can 
be discovered. The testis is a large oval bilobed mass [t), 

T 2 
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lying like a saddle upon the anterior part of the intestine. 
From this body a thick viis deferens inins back upon each 
side of the intestine, and dilates in the penultimate and 
antepenultimate somites into a thick walled pyidform sac 
— a soi’t of vesicula seminalis. The embryo leaves the egg 
as a Nauj)Uus, like that of Cyclops. 

There are many genera of these parasites, some of which, 
such as the almost completely vermiform Lcrnccoi, deviate 
even more widely than Chondrnmnihus from the ordinary 
form of Crustacea, while others, such as Ergasilus and Noto^ 
delphys, differ but little from the free Copepoda. 

In Caligns. the labium and metastoma are elongated and 
united into a tube in which the sharp styliform mandibles 
are enclosed ; and from the ju'evalence of this suctorial form 
of mouth in some of the best known species of parjisitic 
Copepodu. they are fre<.]ucntly termed “ suctorial ” crus- 
taoeaus. Suct< >rial disks for attachment are developed f rom 
the coalesced post eiior pairof thoracic members in Aehtheres ; 
and, in this genus, the head, as a distinc't part, becomes 
almost entirely obsolete. 

Argvlus, the parasite so common i>n the Stickleback, is 
worthy of notice as one of the most curiouH modificationH 
of the epizoic tj'pe.* It is extremely flattened, and is com- 
posed of an anterior cephalo-thoracic disk, behind whioh 
lies a very short and broad, notched, abdomen. A median 
stylifonu lies in a sheath in front of the mouth, and 

the small mandibles and maxillie are enclosed in a short tuls^ 
formed by the labrum and the meta.sU>ma. Six pairs of 
appendages lie behind the mouth, the anterior l>eing 
metamorphosed into suckers, the next pair into stnmg 
limbs with a t(K)thed second joint, and the four others 
constituting biramous swimuiing feet, lliere an? two 
pairs of antennary organs, and two compound eyes. Ac- 
cording to Ley dig. the males are provided with cups on tlieir 

• Claus (‘ lleber die Entwic' <»f Arguhm with the CKprjHtda. 
kelung, Organization und aystc- but pr()iM>se8 to regard it aa tfie 
matische Stallung der ArguUden/ type of a special group, the itraa- 
1875) baa proved the cloae affinity chiwra. 
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penultimate swimming feet ; and, during copulation, these 
are filled with the seminal fluid, which is thus transferred 
to the vulva of the female, and thence to the spermathec^. 
The eggs are laid, and not carried about in ovisacs. The 
larva is provided with two pairs of principal swimming 
appendages, the future antennje and the mandibular palps, 
the latter eventually entirely disappeanng. There is a paii’ 
of small antennules, a pair of strong legs in the place of the* 
suckers, and, behind th(‘m, the rudiments of the prehensile 
legs and the first pair of biramous appendages, the other 
being rudimenUiry. 

Notodelphys, w’hich may be found very commonly in the 
branchial sac of Ascidians, closely resembles an ordinary 
Copepod, except that it Ixcomes much distorted, and that it 
carries its ova in a chamber formed by the dorsum of the 
carapace. 

However strang(*ly nuKlified the adult form may l)e (and 
it must be remembered that it is always the female which 
undergoes the greatest amount of ch angel, the larva3 of all 
these epizoie parasites resemble those of the ordinary free 
Copepodu in possessing only two [Achtheres, Tracheliastes) or 
three pairs (d’ apj>eiulages, i which appertain to the anterior 
region of the head ) ; and they are endowed with considerable 
powers of h ►comotion. 

The Brancuiopoda. — The genera NehalUit Apu^, Bran- 
chi}}a^, Liiitmtia, Ihtphiua, and tluhr allies, are usually 
divided into two ord<*rH, the Ph yllopoda and the Chidoevra : 
but these pass into one aiiotlu r so gradually, and have so 
many structural pcculiaritii^s in couumui. that the subdivi- 
sion of the group of Braurhiopoda appears tome to be a step 
of doubtful propriety. Clostdy resembling the lower PihP 
ophfluilmia, such as Mysi^, in some res])ccts, these CrusUi- 
ceans are iuvjvriably distinguished from them by the 
possession of a greater or less inimbcr of somites than 
twenty; Nttmlia, which most nearly approximates the 
higher Cnistaceu, having twenty-two 8< unites. Furthermore 
the thoracic and abdominal appendages of ihi^ Bmiichi&podn 



278 THE ANATOMY OP INVERTEBRATED ANIMALS. 


are, in tlie majority of cases, more or less foliaceous, re- 
sembling, in many respects, the anterior inaxillipede of an 
^stacus, and being constructed on essentially tbt‘ same plan. 

Apus ghicialiii (Fig. 63) presents an elongated vermiform 
body, terminated by two long, multiartieulate, sett)se styles, 
and covered anteriorly by a great shield-like carapace, deeply 
excavated behind. The posterior thri'C-fifths of the carapace 
are free, and merely overlap the segments of the body; the 
anterior portion, on the contrary, is united with, and forms 
the tergal surface of the eorre.sponding region of the head: 
the free portion of the carapace shelves away laterally from 
a median ridge, on (*:n*h side of which a (‘iirious conocntric 
marking, indicating the position of the shell gland, (Fig. 63, 
B, a*,) is visible. This gland is a coiled tube with clear 
contents, which, according to Claus. o]»ens on the base 4.>f 
the first pair of thorac*ic appendages, immediately behind 
the second maxilla*. "Where the fr(*c joins the fixed portion 
of the carapace, the ridge isabru])tly terminated by a trans- 
verse depression. A little distance in front of this is another 
deeper transverse groove, close to which, in the middle line, 
are the two reiiifnriii compound eyes, converging towards 
one another anteriorly iFig. 63, B, I'l. 

The ventral suid‘a<‘e of the anterior division of the carapace 
(Fig. 63, C), presents a flattene<l, semilunar, subfrontal 
area, as in Lhiiulus, behind whicli it Hb;])es uj^wards on 
all sides int^^ the j»osterior division, thus forming a wide 
chamber, in whicli tin* anterior t horacico-abdoinirial seg- 
ments are lodged. In the middle line, the subfrontal plate 
sends back a long and wide process, moveably articulated 
with it, ami rounded at its free end — thelabrum; above and 
behind which the mouth and gnathiies are situated. Behind 
these follow twenty-six spinulo.se thoraeieo-abdominal seg- 
ments; the anterior twenty of which bear the swimming 
feet, while the twenty-sixth, much larger than the others, is 
produced into an incurved point j»osteri(;rly, and carries the 
anus and the terminal seta*. 

The compound eyes, as has been said, are seated upon the 
upper surface of the anterior division of the carapace. On 
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the under surface, just above and behind the posterior 
boundary of the subfrontal area, and on each side of the 
labrum (Fig. 63, C, Ih), is a delicate jointed filament — the 
antennule (Fig. 63, C, ii^. Behind this, Zaddach found in 
some specimens of Ajma ca ncrifonnis, a second very small 
filament, the rudiment of the antenna, which in the lai*va 
is so liirge and important an organ; bat I have observed 
nothing of the kind in A. glacialis. On each side of the 
labrum is a large, convex, strong, toothed mandible, and 
the aperture of the mouth is bouu<led posteriorly by a pro- 
foundly divided plate, the nietasfoina. Succeeding this are 
two pairs of snuill maxillae tlie second pair being foliaceous, 
and alm(»st rudimiuitjiry. Behind these appendages, a cer- 
vical fold marks off the boundary between the head and 
the thorax, and at the same time corresponds with the 
commencement of t le* free p< >rti« m of the carapace. Whether 
the cara])aee is also t<» a ciutain extent attached to the 
first thoracic s<.uiiile, as Gi’ube states,* or wliether it is 
entirely cephalic, as Milne-Edwards considers, is a point 
upoji which I have been able to come to no very clear de- 
termination ; indee<l, it is a question rather for the euibryo- 
logist than the anatomist. 

Of the twenty pedigerous segments, the first eleven have 
(‘acli one pair of ap])endages; but. behind the eleventh, each 
segnumt gives attachment to a gradually increasing number 
of limbs, so that tie* twentieth carries five or six pail's. 
Altogether twenty-eight ]»airs of appendages are attached 
to these nint’ [»osterior thoracic segments; these, added to 
the eleven preceding, make thirty-nine appendages in all. 
Wliile each of t he anterior eleven segments must W la^garde* . 
as single somites, the natun^ of the posterior ones is ope i 
to doubt; they may be single terga, the sterna and ap- 
pendages of whieli ha\e multiplied; or, more probably, 
they each represent a num)>er of ci»alesced terga. 

Each ajipendage (‘onsists of three divisions ™an endopo- 
dit(‘, exojKidite, and cj>ipodite, supiuuded on a pnitopodite or 
basal division (Fig. 6^b 1), E, F). The latter consists of three 
* * Beracrkungcu iiber die Phylloiioden,’ p. 81. 
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Fig. 68. — ApuB glaciahs. — A, lateral view, with the right half of the 
carapace cut away. B. Dorsal view. C, Anterior part of the body, 
ventral aspect. D, one of the anterior, E, one of the ^middle, 
end F, one of the posterior limbs, without their coxopodites. x, con^ 
voluted “ shell gland ” in the carapace ; y, caudal filament ; lo, 
labrum. 1, 2, 3, 4, Endopodite. 6. Exopodite. 7. Epipodite or 
branchia. T, eye; IF, antennule; IV', labrum; V', VI', maxillte. 

jointB — a coxopodite produced internally into a strongly 
setose prominence ( not represented in the figures), a basi- 
podite, and an ieebiopodite, the latter elongated internally 
into a lanceolate pro<3ess, and bearing on its outer side two 
appendages, of which the proximal — the epipodite or 
branchia (Fig. 63, D, E, 7) — is pyriform and vesicular in 
specimens preserved in spirit. The distal appendage, 
which appc‘ars to represent the exopodite (,6), is a large 
fiat plate, provided with long setae on its margin. 

The endopodite consists of four joints, the two proximal 
ones being much the longer, and. like the penultimate, giving 
off internally a long proce.S8. Finally, the terminal joint is 
edawdike and seiTated on its concave edge. 

The average form of these ai)i>endages is represented by 
(E) talcen from the middle of the serie-s ; anteriorly the 
limbs become more slender and legdike (D) ; posteriorly, 
on the other hand, they are completely foliaceous, as (^F) ; 
but the same (dements are recognisable throughout. 

The eleventh ptiir of appendages alone depart, in any 
important respite*!, from the rest of the series, each of 
these being modified so as to serve as a receptacle for 
the ova. To this end tlie joints of the endopixiite are 
greatly expandinl, and (*inivorted into a hemispherical 
bowl; the exojK>dite, metamorphostHl into another sin h 
l>owl, shuts du\vu (uer the endopinlite; and, into the 
box thus formed, the ova are conducted by means of the 
oviduct, which opens into it. 

On the dorsal surface of eiudi side of the terminal segim nt 
of the body there is a tubtu'ole produced into five spines 
anteriorly, and carrying, posteriorly, a long and delicate 
setigerous filament (Fig. 63, B, 

The alimentary ciuial of Apus is very simple, consisting 
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of a vertically ascending oesopbagus. wbicb bends back into 
tbe small stomach, situated immediately behind the com- 
pound eyes, in the middle of the region bounded by the two 
ti*ansverse furrows on the dorsum of th(‘ carapace ; from the 
hinder end of the stomach the straight intestine passes back 
to the anus, which is seated beneath the terminal segment. 
The liver consists of coioa, which braindi off from the 
stomach and lie, on each side of it. in the head. Zaddach 
describes a paii* of glands which he regards as salivary, 
placed above, and opening into, the stomach itself, like the 
salivary glands of the Scorj>ion. 

The heart occu])ies the tergal region of the eltwen anterior 
thoracic somites, presenting as many chamixu’s, ndth lateral 
venous aperturi's. 

The nervous system consists of a quadrate cerebral mass, 
placed immediately under the eomj’ound eyi's. and giving 
oftdarge nerves to them and to the i-emains of tin* single <*yt» 
of the lar\.i. winch lies in front (»f their ant(n*inr extremities. 
Commissures pass downwards and backwards on either sidt* 
of the ‘esophagus, and connei^t the cerc}>rum with a chain 
of numer<cis ganglia piac’ed on the im-dian lim* of the ventral 
surface. It is worthy of remark, that the antenujiry and 
antennulary nerves are given <»tf from the commissures, far 
behind the chief cerebral mass. 

In the female, the ova are dcvclop(*d in the ciecal bramdies 
of two long tubes, situated oin‘ on ea<di side <if the bt»dy. 
and opening, as above d«*s<!ribed, in the (devent h pair of 
appendages. J/u/s usu.illy [>ropagate-s againogtuietically. 
and the examination of thousands of individuals, extending 
over more than thirty years, faihsi to reveal to Von Siebold 
the existence of a male form. In ISob. how(*ver. KozuIkov- 
ski * discovered a .small proportion of mah*s (Id in Idth. 
among the s])ecimenstakf‘n in the neighbourhood of Cracow ; 
and near Rouim, in lHd.‘b Sir John Lublss k fotind the 
largest proportion of niab*H to feiiiale.s yet known, viz., 

in 72. On the oth< r hand, between lHo7 and iHdP, Von 

* “ Ueber den inannlichen J/jus enneriformix.'* Archiv fiir Naiur- 
getchichte/ 1857.) 
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Siebold examined many thousands of specimens of the 
Bavarian Ajm^ without finding a single male.* 

The testis is similar to the ovary in form, and its duct 
opens upon the eleventli jjair <>f appendages, as in the case 
ot that of the female organ The spermatozoa are oval and 
without motion. 

The young ( can cri form!,;], when just hatched, is a 

Nanplins. The body is oval, indistinctly divided into a few 
segments, and entirely destitute of appendages, except a 
shorter anterior, uniramous, and a longer posterior, biram- 
ouH,])air of oar-lik(M*rgans, situated at the anterior extremity, 
oil either side of the singlt* median eye. The carapace is 
rudimentary, and tliere are no caudal filaments. The little 
animal soon easts its skin, and the mandibles, which are 
])rovid«‘d with long palps, make their appearance. t With 
successive ecdyses. the larva assumes more and more the 
form of the adult, and tic‘juires the pair of <.‘ompound eyes; 
the anterior pair of ajipendages boing crinverted into the 
antiuinules, the posterior pair disa])pearing, or remaining 
:is rudimentary antenna*, and the mandibular palps also 
vanishing. 

Singular and highly instructive modifications are exhibited 
hy the other gein'ia <d’ the lyrancliuqwihi, such as Afhah'a, 
Jininrh ij)U8 i Cliciratu and Daphnia. 

In Vaphnia and ilN allies ,Fig. t>F. the thoracic members 
are reduced to six. fi>e, or e\rn four pairs, some or all of 
which may take the form of ordinary limbs ; the abdomen is 
rudimentary; the heart is short , and the caraj^aoe presenis 
a posterior di\ ision . obviously developed from 

the anterior tlioraeio somites, the lateral halves of whu‘h 
are dcllexed so as to n*>emble a bivalve shell, into which tin* 
hinder part of the body can be withdrawn. The anterior 
division of the carapace irep/ni/nsfiT/i/e) in Dup/inia hae, mi 
the contrary, the same structure as the corn^sponding part 

* Ik'ifraj^o 7 .ur Partheno- t \cv,onling tt) Claus’s recent 
Kcae.818 <ler Arthropoden,’ 1S71. investipitinns, thiol ptiir of 
It nppeai-s that, in .I// 10 , the im- appeadaj^es is present fix>m the 
prejtnuted ova uhnie give riee to time the young Apus leaves the 
males. egR- 
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of the carapace of Aptis, but the compound eyes, repre- 
sented by a single mass, are situated at the anterior extremity 
^of the head, rather than on its upper surface, and the single 
eye is quite distinct, and far posterior to them (Fig. 6*^, B, 
i', ii"). The antemiules (Fig. 64, A. ii') are small, rudi- 
mentary, and placed at the sides of the produced frontal 


F iir. 
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Fig. 64. — Daphnifi~\. Si<le view; the appendages not figured except 
fr, the antcimuics ; I\ the nmndihies; imd V, the maxilhi' 
Iir. The place of attachment ot the antenna*. B. Front view of 
head. 

cj, cephalostegite, or that jnrt of the carapace which covern (lie 
head; r/w, ornostegite, tir limracic p<»rtion of the canipftce ; (, 
heart; cervical depressioji ; M. hibruni ; 1', coroiHmnd eye. 
ir, simple eye; j, the ‘shell-gland,’ winch opens behind ilie 

maxillae. 

rostrum, but tbe antenntc are very large, and constitute 
the j)rincipal locomotive organs. The ]^oKt^•rior, or st'Cond, 
maxillae ai*e obsolete. In Polypht nius, SIda ainl 

other genera, sucker-like orgiinH of adhesi(»n are situaUMl 
on the anterior region of the caraptwt*. The <*ggs tire de- 
veloped in the cavity of the carapace, and the embryos 
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directly into the fonu of the parent, except in Lepiodora, 
where they iire, at first, Nauplim-Wke. 

Limnetis and Estharia present a JJajfhnia-\i]<e carapace,, 
though more completely bivalve, combined with the nume- 
rous segments of the body and the foliaceous appendages 
of the typical Phyllopods {Fig. G5). 

Nehalia has a large carapace, provided with a moveable 
rostrum, like tliat of Sqtiilla, and arising entirely from 
the head, which is remarkable for its very slight sternal 
flexure. In this genus, the* eyes arc large and peduncu- 
lated ; there are well-devel<»|)od antennnles, antennte, man- 
dibles, and two pairs of ina.xilhv, the anterior of which ends 
in a long palp. 

Brtnichipus, finally, deveh*pe^ no carapace either from 
the head or the thorax, the segments of the latter being 
entirely free, while the former is similar in shape to that 
of an Insect, or Edriophthahnoiis Crustacean, and cames 
two large stalked eyes, two aiitennules (singularly modified 
in the male), two antenna*, a pair of mandibles, and two 
pairs of inaxilho. 

In Esiherxa and Llnihitls, the inah*s are met wdth in full 
proportion to, and may be e\en more numerous than the 
females. No males are km>wii iii Lannadin (jkjoA, although 
thousands have been examined, wldle. in L. Sinnleijarux, 
more males than female^, have been found. In Branchipus, 
males are fewer than females; in Arttmla, they occur 
only at rare intcnals. In Daphnia. the males are few, and 
appear only at certain Hcasons of the year. But notwith- 
standing the rarity or absence of the males in many of 
these genera. repi%Kiuction prtKeeds with great rapidity. 
The ova are capable of development without fecundation ; 
and isolated females of the genus Ihphnia will thus go 
on producing hnsnls fvir generation after generation, with- 
out any known limit. 

Under certain circiiinstancos. however, bodies of a different 
nature from the.se “ agamic ova.” as they have been well 

* “Uclwr die (Jtttungeii EnthcrUi und Limnadia''^ (* Archiv fur 
NatttrgesclUolitc/ 
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termed by Sir John Lubbock,* are developed within tlie 
ovai*y, the substance of which acquires an acciimuhition of 
^strongly refractiog granules at one spot, and foims a dark 
mass, the so-called “ ephippiid ovum.” When fully formed, 
two of these bodies pass into the dorsal chamber of the cara- 
pace, the walls of which have, in the meantime, become 



Fijf. 6n, ~ J.irnnt'tig Orarhynrvs (after firube).- The upper left-lmiul 
figure is the male, the other the female; one valve of the carapace 
in each case being removed. A'. Anlennulcs. A’. Antenna*. A. 
Young larva. B. The same further advance<l. r. Head. o. Kye. 
d. Carapace, c'. Body. A'. Antennw. M. Mandibles, o'. (Ircat 
plate (labrum ?) which covers the mouth. 

altered. The outer and inner lay^ers r>f the integument 
acquire a peculiar structuro, a brown colour, and a more 
firm consistency, over a large saddle-like area. When tin* 

* An Account of the two ephippium.” (Transactions of the 
anetbodsof Reproduction in Jhtph- Royal St;cicty, 1857.) 
ftud of the structure of the 
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next moult takes place, these altered portions of the integu- 
ment, constituting the “ ephippium,” are cast off, together 
with the rest of the carapace, which soon disappears, and 
then the ephippium is left, as a sort of dou hie- walled spiing 
])ox(the spring being formed by the original dorsal junction 
of the two halves of the carapace), in which the ephippial 
ova are emdosed. The ephipj»ium sinks to the bottom, and, 
sooner or later, its contents give rise to young Daphniw. 

Jurine’s and Sir J. Luidjock’s researches have proved 
that the development of tlie ephippial ova may commence 
without the influence of the mab*, and they seem to indicate 
that these ova may even ])e fully formed and laid without 
the male infiiience. On tin* other hand, there appears, und(*r 
ordinary circumstances, to l)e a certain relation between 
the complete development of ephip}>ial ova and the presence 
of males; and, its yet, no ephippial ova produced by virgin 
females have been directly (»bserved to produce young. 
The tpuMtion, therefore, seems to stand thus, at prCvsent : 
the agamic ova may certninJy ho produced, and give rise 
embryos, without impregnation; the ephippiid ova 
Hi ly cerfuinhj be produced ^^ithout impregnation; but 
wUetluT impregnatid'li is or is not absolutely necessarj' for 
their further dev(dopment. thert* is, at present, no evidence 
b> show. 

Tbe great majority of the Branchiopoda inhabit fredi 
waters. Artvmli, however, delights in brine pools. The 
gemis is of Dt'voniaii age, and it seems probable 

SUurian Jlijuivnocuris and its allies were related 

The 0«T»ACOUA. — This gnmp I'vmtains several genera 
of both recent and fossil Cntsfucea, for the most part 
of vei’y small si/e, and distinguished by their hard, 
often ealciiie<l. and completely bivalve shell, provided with 
a distinct hinge. The valves of this shell consist of the 
lateral moieties i>f the carapace; ih»'y are commonly 
uu(H|ual and unsyminetrit*ai, and present a pivuliar oma- 
meutation. The shell gland is very small. The Osiracoda 
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are also remarkable for the extremely rudimental condition 
of their abdomen, and for the paucity of their thoracic 
g-ppendages, which instead of being foliaceoue, are strong 
and subcylindrical, like the ambulatory legs of the higher 
Crustacea. 

The cephalic flexure is as well marked as in the highest 
Crustacea, so that the eye, obscurely divided, and median in 
Cypris (Fig. 66, A), but double and lateral in Cytlure (B), is 
situated in the upper part of the anterior region of the 
body. The antennules and antenna*, attached to their 
respective somites, the sterna of which constitute the an- 
terior boundary of the body, arc similar in form and func- 
tion to ambulatory limbs. The ducts a peculiar gland 
open, according to Zenker, at the end of the strong spine 
with which the antenna of Cythn'c is provided. The labnim 
is conspicuous, and the mandibles are strong, and possess 
a well-developed palp. The first maxilla is provided with 
a large foliace^ms seto.se api>endage (epipodite?) The 
second maxilla in Cytherc, is rej^resented by tlie first of the 
three pairs of ambulatory limbs iFig. 66, B, c. e. e), present 
in this genus. In Cypris. which poHsesses a second pair of 
maxillae, there are only two pairs of ambulatory limbs (Fig. 
66, A, p, I. II.). The apertures <>f the reproductive organs, 
provided in the male with a wonderfully eom])lex, homy, 
copulatory apparatus /d<i8cribed witli great minuteness by 
Zenker), are situatcfl lK*tween the last pair of thoracic 
members and the large caudal hooks. 

Strong adductor muscular bundles pass from one valve of 
the carapace Uj the other, and leave impressions discernible 
from without, the form and arrangement of which fumisii 
valuable systematic characters. 

The alimentary canal of the Ostracoda is provided 
anteriorly with an apparatus of liard parts, resembling in 
many respects the gastric armature of the Isopoda, and 
gives origin to two hepatic ca?ca. Cypris and Cyihere have 
no heart; but, in Cypridina, Conchweia and Halocrypiis 
there is, according to Claus, a short saccular heart with 
one anterior and two lateral apertures. Tlio nervous 
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system is difficult to make out; but, in Cythere lutea, 
the same observer found a large cerebral ganglion in front 
of the mouth, whence filaments passed to an ophthalmic 
ganglionic mass, and to the antennary organs. A double 
ganglion, behind the mouth, supplies the gnathites ; three 
ganglia, situated in the thorax, send filaments to its append- 
ages, and a terminal ganglion supplies the caudal appendage 
and genitalia. In the female, the ovaries lie in the valves 
of the carapace, and terminate in oviducts which open by 
distinct apertures in front of the caudal appendage. 
Immediately anterior to them are the openings of two 


Fig. 66. 



Fig. 66.— A, Cypns - A. i. u. Antennules and Antennae. M. i. ii. 
111 . Mandibles and Maxillaf.. P. i. ii. Thoracic members, c. 
Caudal extremity, b. Mandibular palp. o. Eye. B. Maxillary 
apjiendage. 

B. Cyihere. — o. Eye. «. Antennule. b. Antenna, r. Mandible, d. 
First maxilla. *«. e. r. Second maxilla and two thoracic members. 
/*. Caudal extremity. (After Zenker.)* 

homy ctmals, chilled vaginie by Zenker, each of which is 
continu(*d into a long convoluted transparent tube, anr: 
eventually tormina! es in a large vesicle, the spermathe^'a, 
into which the spermatozoa of the male are received. 

In the males, the antenna), the second maxilla?, or some of 
the thoracic limbs, are modified in such a manner as to enable 
them to seize and hold the females. The testes are elon- 
gated coKsa in Cyprist globular vesicles in Cythere ^ and 
communicate with a long vas deferens, which opens into 

• “ Monographic der Ostracoden,” (‘ Archiv fur Naturgeschichte, 
1854.) 


IT 
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the copulatory apparatus. In Cypris^ a very singular cylin- 
drical mucous gland is connected with the vas deferens ; but 
^perhaps the most remarkable peculiarity about the genital 
apparatus in the male consists in the size of the sperma- 
tozoa, which in Cypris ovum, are, according to Zenker, 
more than three times as long as the body. They 
possess a spirally-wound coat, and are totally deprived of 
mobility. 

The Osiracoda either attach their eggs to aquaiic 
plants, or carry them about between the valves of the 
carapace. 

Claus * has worked out the development of Cypris, which 
passes through nine successive stages, distinguished from 
one another, not merely by the shape of the carapace, but 
by the number and form of the limbs. An ecdysis of the 
chitinous cuticle of the body and carapace terminates each 
stage of development. When the Cypris leaves the egg, it 
resembles a Nauplius, in possessing a single median eye and 
only three pairs of limbs (the future antennules, antenna?, 
and mandibles^; but none of these are divided into two 
branches. The body is laterally compressed and has a 
bivalve carapace. 

The changes undergone by the marine Ostracoda after 
they leave the egg are much less marked. 

Fossil Offtracoda abound in strata of all ages, from the 
older palaeozoic formations onwards ; and, so far as the 
charactei*8 of the carapace furnish evidence, the most 
ancient forms diifered very little from those which now 
exist. 

The Pectostraca (Rhizocephnla and Cirripedia) leave the 
egg as a Navjdius, provided w*ith three pairs of limb-likt* 
appendages, of which the anterior pair are simple, while 
the two posterior pairs are bifurcated (Fig. 68, A). An 
additional pair of filiform appendages 8ubse<iuently makes 

* ‘ Eotwickeluagsgeechichte von Cypris ' (IS68); slid ^Grund* 
xiige,* p. 487. 
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its appeamnce in front of the undivided pair of members, 
in most cases ; and there is a discoidal carapace, the antero- 
lateral angles of which usually become greatly produced. 
Subsequently, the carapace becomes bivalve (as in manjf 
Phyllopoda, and in the Cladocera and Ostracoda)^ and the 
anterior undivided pair of limbs are converted into re- 
latively large, jointed appendages, provided with a sucker- 
like organ. The thorax gi'ows and usually developes six 
pairs of appendages. 

Finally, the bivalve -shelled larva fixing itself by the 
suckers of its anterior limbs, the prie-oral region of the 
head l^ecomes enlarged, and is converted into the base, or 
peduncle, in ordinary Cirripedes; while it gives off the 
root-like processes which gr<jw into the tissues of the 
animals on which the Rhizoctqdiala are parasitic. The! 
Pectostraca are almost all hermaphrodite, a condition which 
is very exceptional among Arthropods. They possess no* 
heart. 

The CiRRiPEDiA. — It can hardly be a matter of reproach 
to the older naturalists if they failed to discover the aflinity 
connecting the sedentary “ Acorn-shells” of a rocky coast 
with the active Shore-crab which nins amongst them ; or if 
they classed the Barnacles with MoUusca, instead of ad- 
mitting them to that place amidst the Crustacea which is 
now assigned to them by every naturalist of com{>etent 
judgment. Nothing, in fact, at first sight, is less suggestive 
of a Crustacean than a Bahtnus, or a Lepas; tlie former 
firmly fixed by the base of its multivalve conical shell, the 
latter by its fleshy and contractile peduncle ; the only sign 
of life in either being the alternate protrusion and retriiction 
from the valvular opening of the animal’s case of a bundle 
of curv'ed filamentous cirri, which sweep with a brushing 
motion through the w'ater, and scoop the floating nutritive 
matters towards the mouth. 

The valves through which the cirri make their egress 
are strengthened, in both Balanvs and Lepas^ by four cal- 
cified pieces, two on each side ; those of each half being 
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united together by an oblique suture, or by a regular articu- 
lation ; while the two pieces of opposite sides are connected 
,only along one margin, either immediately (Balantis), or by 
means of an intermediate piece {Lepas). 

The upper, or distal, pieces are termed the terga, the 
lower, or proximal, pieces the scuta, the intermediate piece 
is the Carina. In Lepas, there are no other hard external 
pieces ; but, in Balanus, the conical shell, into which the 
valves can be more or less completely retracted, is com- 
posed of six portions or compartments. Of these, one is 
situated on the same side as the opening between the valves 
and another at the precisely opposite point, or on the same 
side as the line of union of the valves. The latter is the 
homologue of the intermediate piece, or carina, in Lepas ; 
the former, in Balanus, consists of three pieces united 
together, the median rostrum and the two rostro4ateral com- 
partments. On each side of the carina is a compartment 
termed carino-lateral, and between them and the complex 
rostiaim lies a lateral compartment. 

If the shell consisted of its eight typical pieces (as it does 
in the genus Octomeris), it would bo found that each 
presented a triangular free middle portion and two lateral 
wings. The former is always termed the paries, but the 
latter receive different names, according as th€*y overlap or 
are overlapped by others. In the former case, they arc 
termed radii, in the latter, alee. Thus, typically, the carinal 
and the rostral compartments are overlapj>ed on lK)th sides, 
and their wings are consequently both alai ; the lateral and 
carino-lateral compartments are overlapped on one side, 
and overlap on the other, hence they have an ala on one 
side, a radius on the other ; while the rostro-lateral com- 
partment overlaps on both sides, and hence its wings are 
both radii. In Balanus, however, the rostrum and rostro- 
lateral compartments, l>eing replaced by a single compart- 
ment formed by their confluence, this piece has radii on 
both sides. 

Different as is the appearance of Lepas from that of 
Balanus, they closely resemble one another in essential 



THE CIBBIPEDIA. 


293 


structure. Thus, to commence with Lepas. On cutting away 
the scutum and tergum of one side (Fig. 67, B), the hinder 
part of the body of the animal is seen within the sac of, 
the capitulum, formed by the valves of the shell, to which 
it is attached only on the rostral side and inferiorly by a 
comparatively narrow isthmus. Immediately behind this 
point the body widens, to constitute what Mr. Darwin* has 
termed the prosoma, but the thoracic segments, which 
succeed the prosoma, gradually taper posteriorly. Six 
pairs of appendages (a) are attached to the thorax, each 
limb consisting of a basal joint (protopodite), terminated 
by two long multi-articulate cirri, the representatives of 
the endopodite and exopodite ; and a rudimentary abdominal 
segment, terminated by two short caudal appendages, 
succeeds the thorax, and is produced in a long setose an- 
nulated penis {/). Filamentous appendages depend from 
some of the thoracic somites, and, projecting from the inner 
wall of the sac on each side, is a triangular process, the 
oviger(ni8 freenum (m). 

The mouth is situated at the posterior part of a pro- 
tuberant mass, seated on the rostral face of the prosoma. 
This is principally composed of a large, bullate labrum, 
behind which are a pair of mandibles with large aniTsefose 
palps, and two pairs of maxilla). Anteriorly, the prosoma 
passes by a narrow isthmus into the rostral part of the 
peduncle, into which it, as it were, expands ; while the 
posterior margins of the peduncle become continuous with 
the walls of the sac. 

The extremity of the peduncle is fixed by a peculiar ce- 
menting substance to the body to w hich the Lepas adheres ; 
but, if it be carefully detached, there will be found connected 
with the rostral portion of the surface a pair of very 
minute, singular- looking, organa, consisting of two proxi- 
mal joints, succeeded by an articulation which is dilated 
into a sucker, and terminated by an elongated setose joint 
(Fig. 67, A, B, 1), These are the remains of the anterior 
appendages of the larva. 

* ‘ Monograph of the Cirrlpedia,’ 1851, 1854. 
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From what has been said, it follows that the fixed end of 
the peduncle is, in fact, the anterior extremity of the body 
•of the Lepas, and that a Barnacle may be said to be a 
Crustacean fixed by its head, and kicking the food into its 
mouth with its legs. 


Fig. 67.~-A. Diagrammatic section of Bafan>it; B, of Leptu.-^a is 
, placed in the cavity of the sac, and lies over the labrum ; 6, prosoma ; 
c, Carina; c, /, carino-lateral compartment; /, lateral compart- 
ment ; r, rostrum ; m, scutum ; tergum ; /, penis ; gut- 
formed gland ; A, duct connecting this with i, A, cement duct and 
glands ; /, antenna* ; i, peduncular or ovarian tubules ; m, ovi- 
gerous fraenum ; e/, anus. 

The mouth in Lcpas looks towards the posterior extremity 
of the body, and leads into a tubular oBsophagus, which 
passes forwards, and opens by a wide superior extremity 
into the globular stomach. From this point, the alimentary 
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canal bends back upon itself, and gradually narrows into 
the intestine, which terminates in the anus, situated at the 
extremity of the abdomen, on the tergal side of the penis. 
Two considerable branched ca^ca, probably hepatic, proceed 
as diverticula from the stomach, corresponding very closely 
in position with those of Daphnia. No heart or other 
circulatory organs are known to exist ; and it may be doubted 
if the ovigerous fraina of Lepas exert, as they have been 
supposed to do, a branchial function. 

The nervous system consists of a pair of cerebral ganglia 
situated in front of the oesophagus, and connected by long 
commissures with the anterior of five paii*s of thoracic^ 
ganglia, whence nenes are given off to the limbs. In the^ 
middle line, the cerebral ganglion gives off two slender 
nen’es, which run parallel with one another in front of the 
stomach and enlarge into two ganglia, whence they are 
continued to a doul*lc* mass of pigment, representing the 
eyes. From the outer angles of the cerebral ganglion arise 
the large nerves which proceed into the peduncle and 
supply the sac. These appear to correspond with the 
antennary and frontal nerves of other Crustacea ; and Mr. 
Darwin describes an extensive system of splanchnic nerves. 

Lepas, like the majority of the Cirripedia, is hermaphrodite. 
The vesiculaj seminales are readily seen in fresh specimens, 
as white cords distended with spermatozoa, which run from 
the canal of the penis, into which they open, forwards, on 
each side of the body, to the prosoma, where they end in 
dilated extremities, which are connected with a multitude 
of ramified caica forming the proper testis. 

The ovaries arc ramified tubes provided with c«eal 
dilatations, and lodged in the peduncle. The oviducts pass 
into the body, and, according to Krohn, terminate in aper- 
tures situated on the basal joint of the first pair of cin i * 
Two * gut-formed’ glands, as they are termed by Darwin, 
lie, one on each side of the stomach, and are probably 

* The position of these aper- to the shell-glands in Umnadia 
lures corresponds with tliatof the and Apiu, 
opeiiingSi supposed to appertain 
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accessoiy glands of the reproductive organs, analogous to 
those which secrete the walls of the ovisac in the Copepoda. 

The mode of exit of the ova from the ovary is not cei*tainly 
'known, nor is the place of their impregnation ascertained ; 
but they are eventually found cemented together by chitin 
into large lamelhe, which adhere to the ovigerous frasna, 
and, ordinarily, at once stiike the eye when the capitulum 
of a Oirripede is opened. 

Yelk division is complete, and the embryo attains to its 
earliest larval condition within the egg. K a series of the 
fresh ovigerous lamellae be taken and pulled to pieces with 

Fig. 68. 



Fig. 68,— A. Lar>aof Balanu* balanoidei on leaving the ecg (after 
Spence-Bate). B, Attached pupa of L/ppas auUrali* (after Darwin) : 
«, anfennary apodcmcs; gut-formed gland, with cement duct 
running to the anteniui. 

needles in a watch-glass full of sea- water, one is pretty 
sure to be found whence a number of active little Nauplius- 
like animalcules are set free (Fig. 68, A). Each presents 
a somewhat triangular body, produced in the middle line 
posteriorly and at its anterior lateral angles. The mouth 
is situated on a proboscidiform projection placed nearly in 
the centre of the body, and in the midst of three pairs of 
natatory limbs, of which the two posterior pairs have bifid 
extremities. In front of the mouth, either in this stage, or 
after one or two moul tings, two filaments are often deve- 
loped. A single eye-spot is situated in front of the bases 
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of the anterior appendages. After moulting several times, 
the larva assumes a new form, passing into its second 
stage. The carapace is now oval and compressed, so as 
more nearly to resemble that of a Daphnia or Cypris] 
There are two eyes. The first pair of swimming appendages 
of the Nauplius are converted into antenniform organs, each 
provided with a sucker, and the rudiments of the six pairs 
of cirri make their appearance behind the mouth.* 

In the third stage, the larva is, as Mr. Darwin states, 

much compressed, nearly of the shape of a Cypris or 
mussel-shell, with the anterior end the thickest, the sternal 
surface nearly or quite straight, and the dorsal arched. 
Almost the whole of what is externally visible consists of 
the carapace ; for the thorax and limbs are hidden and 
enclosed by its backward prolongation; and, even at the 
anterior end of the animal, the narrow sternal surface can 
bo drawn up. so as to be likewise enclosed.” The larva, in 
this stage, is provided with two large compound lateml 
eyes, while the median eye is an-ested in its development. 
The oral tubercle exhibits ail the gnathites of a Oirripede, 
but they are covered by an imperforate integument, so 
that this “locomotive pupa,” as Mr. Darwin terms it, is 
unable to feed. There are six pairs of legs, and the thorax 
ends in an abdomen, consisting of three somites terminated 
by two caudal appendages. There is no penis. The most 
remarkable structures in the pupa, however, are the “ gut- 
formed glands,” which are already well developed, and 
from which the cement ducts can be traced to the disks of 
the antenniform organa, on the faces of which they open. 
The pupa, after swumming about for aw'hile, at length 
selects its permanent resting-place, to which it adheres, 
at first, only by the action of the suctorial disks. The 
tompomry attachment, how’ever, is speedily converted into 
a persistent one, the couiont pouring out from its excre- 

• According to ('Ians Grand- case the antennary organs repre- 
ziigeder Zoologie,’ 3to Auflage, p. sent antennules, and the Umbs of 
460), the second pair of appen- the Oirripede yaupHm ooire- 
dagos disappears, and the third s{>ond with those of the Copepod 
gives rise to the mandibles. In this and Brauchiot>od Navpliu$. 
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tory apertures on the disks, and firmly gluing them and 
the anterior end of the body down to the surface on which 
they rest. 

Coincidently with these changes, several other important 
alterations take place, during the passage of the locomotive 
pupa into the fixed young Cirripede. The compound eyes 
are moulted, and with them the antennary apodemes, fur- 
nished by the integument of the deep fold which separates 
that part of the body of the pupa which corresponds wuth the 
beak of a Daphnia, or of a Limnetis, from the prosoma. The 
fold is thus enabled to straighten itself ; and, as a conse- 
quence, the carapace of the Cirripede, instead of remaining 
more or less parallel with the surface of attachment, be- 
comes perpendicular to it. Again, in the pupa, the axis of 
the carapace and that of the body are identical in direction i 
but, during the last moult, the chamber of the carapace 
extends forwards far more on the tergal than on the stenial 
side, sepamiing the tergal part of the prosoma from the 
“ beak,’’ with which it was at first continuous, and thus 
allowing the IxMiyof the Cirripede to take its final position, 
which is nearly transverse to the axis of the carapace. 

The terga and scuta now appe^ir aa homy thickenings, 
and, afterwards, as calcifications in the wall of the ciipi- 
tulum. The fi*a*na and the penis make their appearance, 
and the genitalia become developetl in the prosoma and in 
the peduncle, which is produced by the gradual elongation 
of the “ beak ’’ of the pupa. 

With the assumption of its perfect form, the Cirripede 
ceases to moult its carapace, ecdysis being hereafter confined 
to the inner lining of the sac, and to the integument of the 
contained )x>dy. 

Snch is the structure and development of a typical pe- 
dunculate Cirripede. In other genera, such as PoUicipts, 
calcareous plates are developed on the peduncle, foreshadow- 
ing the compartments of the sessile fomis. The latter, of 
which Balanus may be regarded as the type, differ in struc- 
ture from Lepas in no very essential particular. The 
peduncle, rery short and broad, instead of slender and elon- 
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gated, is encased by its compartments, and is sometimes 
fixed by a shelly basis. The arrangement of the layers 
of cement is often extremely complicated ; the scuta an<J 
terga are articulated together ; the fnena are much larger 
organs, and possibly subseive the respiratory function; 
the thoracic ganglia are concentrated into a single mass ; 
and the cementing apparatus is much more complicated. 

The pedunculate and sessile Cirripedia, taken together, 
constitute by far the largest of the three great groups 
which Mr. Darwin recognises ; namely, the Tlwracica^ cha- 
racterised by having limbs attached to the thoracic somites, 
while the abdomen is rudimentary. 

The second group, the Ahdoinhialiay contains only one 
genus, Crypiophialua, (Fig. 69, 5 , 6 ) which has no thoracic 
limbs, but is provided with three pairs of abdominal ap- 
pendages. The larva is very imperfect in its first and 
second changes, which are undergone within the sac of the 
parent. 

The third group, Apoda, likewise contains only one genus, 
the remarkable Fndeohqnis (Fig. 69, 7 ), which is devoid of 
either thoracic or abdominal limbs; it has a vermiform 
body, and a rudimentary peduncle, represented by two 
threads terminated by the characteristic antenniform 
orgiins. 

In the great majority of the Cirrpedia the sexual appa- 
ratus is disposed m in Ltpns, but Cnjptophialus and Alcippe 
are unisexual, the male ditfering very widely in form and 
size from the female tFig. 69, 3 , 6 ). 

The Balanidw, or sessile Cirripedes, all present the normal 
sexual relations ; but the other division of the Thoracica^ the 
Lepadidm^ contains two geiicru, Ihhi and Scalpellum^ which 
not only possess species having the sexes in distinct indi- 
viduiils, but others presenting the imivjue combination of 
males with hermaphrodites. Thus, ScaJpellum mlgare is 
hermaphrodite, possessing well-developed male and female 
organs. Nevertheless, on the inner side of the ocxludent 
margin of its smitum there is a fold, over which and im- 
bedded in the spinose chitinous l>order of the scutum, a 
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minute, oval, sac-like creature is commonly found, firmly at- 
Fig. 6y. 



Fig. 69. — 1. Akipj}t lathjta* ; female. 2. The wime in fK*etional view, 
fl. Homy disk of attachment ; in 1, the males are visible aa dark 
specks on either side of the upper part of the sac ; c, ovary. A. Fir*t 
pair of cirri, k. /. ». Three se|;ments of the thorax without cirri ; 
the other three segments, bearing the three pairs of terminal cirri, 
are very short. .3. Male Alcippe. a. .Vntennary appendages. A. 
Vesicula seminalis. o. F.ye. tJ. Testis A. Orifice of the sac. tn. 
Penis. 4. Burrow of Alcippe in a portion of a Fu»u$ shell. r>. 
Cruptophialui mi nutus (female) with the outer integument removed. 
e. Labrum. /. Falpi. fj Outer mnxiiio.*. A. Rudimentary maxilU- 
pecte. c, M'all of sac continued above into the rim of the aperture 

а, A. /. m. Abdominal cirri. A. Appendages of unknown nature. 

б. Male Cryptophiaiue. 7. Pniteolrjfias birincin. m. Mouth, p. h. 
Peduncle and antenna, i. A. Vesicula Hemiualis and iK!nii. (After 
Darwin.) 

cached by cement which covers the characteristic antennules 
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of a CiiTipede. Within the 8<ic is a thorax, with four pairs 
of rudimentary appendages terminated by a short abdomen. 
There is neither mouth, alimentary canal, nor gnathite^, 
the cavity of the body being principally occupied by a great 
seminal vesicle ; and no trace of female organs exists. This 
is, therefore, an accessory, or “ complemental male. In 
Scalpellum ornaiwni, the individuals are males and females, 
two of the former being lodged in cavities of the scuta 
of one of the latter, as in the preceding species, and in 
S. rutiluvi. The males have no mouth. S. rostratum has 
complemental males, provided with alimentary organs at- 
tivched to the interior of the sac of the hermaphrodite, while 
S. Peronii and villosum have still more perfect complemental 
males fixed in a like position. In Ihla Cwmingiij the female 
has a vermiform male, provided with well -developed ali- 
mentary organs, attached within her sac ; but, in the only 
other speciee of this genus. I. quadrivalvis, a similarly 
constnicted, but here only complemental male, is lodged 
in a relatively large hermaphrodite form. 

With regard to the habits of the Cirripedia, the ma- 
jority are merely cemented to foreign lx»dies. Anelnsifna 
and Tnhicinidlii, however, partially bury themselves in the 
integument^s of the shark and whale, and thus prepare us 
for the completely boring habit of Crypiophialus, Lithotrya^ 
and Alcippe, the latter of which (Fig. 69, i, 2, 3) biiiTOWs 
in dead shells on our own coasts. 

Proteohpiut lives within the sac of Ahpas coniuht, and 
appears to Ikj truly panisitic upon it, sucking the nutritive 
juices from the soft prosoma of the animal which it infests. 

The CirHpedui are almost exclusively marine, only a few' i 
species tolerating even bnvekish water. The Thoradca ’ 
alone have yet l>e<^n found in the fossil state. The oldest 
known genus, PoZ/ic/pcj*, occurs in the lower oolite; there 
is a single cretaceous sjsH’ies «.>f T crnuvi, but the sessile 
Cirripedes become numerous only in the tertiary epoch. 

The Rhizocephala {Pdtoganier, SaccuUna) are small 
and parasitic ; usually upon the abdomen of other Onw- 
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{Podophthalmia). The body is like a sac or disk, and 
devoid of segmentation and of limbs. The aperture of the 
sac is funnel-shaped and supported by a ring of chitin. 
iThe circumference of the funnel gives off a number of 
root-like processes, which branch out through the body of 
the infested animal. The alimentary canal is obsolete, and 
there are no cement glands. They are hermaphrodite, and 

Fig. 70. 


A 



Fig. 70. — A. of .StMx'w/i/iti pMfpurea : campare. 

B. Cy/>m-8tage of Ij>rnaodt$cu$ porctUnna\ C. AUult condition of 
Peltofjagtfr pagurt : «, anterior end of tlie body ; fc, aperture; c, rooi- 
like processes. (.Vftcr F. MiiUer.) 

the young, like those of the other Pcctonlraca, pass through 
a NaupliiLs and a CyprU stage.* 

The Malacostraca. — T lie groups ol CruMtacea known 
as the PodophUuilmia, the Cuvmcea, the Edriophthahnia, 
and the Stomaiopodu are here included under this head. 

*Tha term Cyprw-stage, usually imply any 0 {>eclal affinity with 
applied to that condition of the the Ottra^a On the contrary, 
larvee of the /’ectof tram in which the larva in the C^y^rta-atage is 
they are provided with a bivalve much more timllar to a Copepod 
earapaoe, must not be taken to or Branebiopod. 



THE PODOPHTHALMIA. 


303 


The body consists of twenty somites (counting that which 
bears the eyes as one), and, of these, six (bearing the eyes, 
antennules, antennae, mandildes, and two pairs of maxillae) 
constitute the head ; eight enter into the thorax, and beiA- 
the foot-jaws and ambulatoi*y limbs ; and six form the 
abdomen and swdmming limbs. In some few instances 
the number of somites is reduced, but they never exceed 
twenty. 

The Naitplius4orm of the free embryo is rare, but occurs 
in some cases (Peiicvs). In others {My sis) it is represented 
only by a temporary condition of the embryo, during which, 
however, a chitinous ciiticula is fonmed and subsequently 
shed; and what a])p«‘ar to be remains of such a transitory 
record of an original NaupUus state, are seen in many 
Amphipocli and Isojmda, which nearly attain their adult 
form within the egg. In most Podophthalmuif the emV>ryo 
leaves the egg, not as a Nmiplius, but as a Zocra, which 
has thoracic, but no abdominal, appendages, and in many 
respects resembles a Ct>p(‘pod. 

The Cuvuicvd take an intermediate position between the 
i odophihdmin and the Edriophthalmui on the one hand, 
and the PhyUopod^f \Nthiilli) on the other. They thus 
serve to connect the Mulacostraca with the EiUcmiostraca. 


The PoDOPiiTHALMiA, — It will be convenient to com- 
mence th^yjljldy of tlie MftJacostnica with the Podoph- 
excellent examples of this divisitm of 
size are readily obtiiinable in the fresh -water 


ash {Astarus JlurintlUs) and the Lobster (Hamarus 
imlgaris), and tis they furnish a very intelligible gtiide to 
the general plan of structure of the higher Arthropoda, the 
organisation of Astftctis will l>e described at length. With 
some unimportant modifications, what is said about it will 
he found to apply to the Lobster. 

The upper and anterior portion of the dense and more 
or less calcified exoskeleton, which covers the body of 
Astacust has the form of a large expanded, shi old-like plate, 
the carapace, produced into a strong frontal spine be* 
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tween the eyes, and bent down at the sides, so as to reach 
the bases of the legs. The posterior division of the body, 
on the other hand, presents a very different aspect, being 
Sivided into a series of distinct moveable somites. This 
is called the abdomen, while the anterior division, covered 
by the carapace, corresponds with the head and thorax of 
other Arthropoda, and receives the name of cephalo- 
thorax. 

On turning to the ventral surface of the Crayfish, a great 
number of limbs or appendages, twenty pairs in all, are 
seen to be attached to the cephalo-thorax and abdomen, six 
pairs belonging to the latter, and fourteen pairs to the 
former region of the body. 

The six pairs of abdominal appendages are commonly 
known as the “ false or “swimming” feet; and it will 
be observed that they are attached to the six anterior 
segments of the abdomen only, the seventh being unpro- 
vided with any such organs. Of the fourteen paii*8 of 
cephalo- thoracic appendages, the five posterior are called 
the “ambulatory” legs, being the organs by which the 
Crayfish is enabled to walk. Strictly speaking, however, 
the anterior of the five pairs is not more ambulatory than 
prehensile, being so modified as to constitute the great 
claws or “ chela\” 

Of the six next pairs of appendages, passing from behind 
forwards, five are not at first sight apparent, the posterior 
pair, which are applied over the mouth and cover the others, 
being alone visible. These and the two pairs which lie im- 
mediately under, or in front of them, are called maxilli- 
pedes, or “foot-jaws.” The next two pairs, delicate and 
foliaceons, are the majdUsB; while beneath or rather in 
front of them, are two strong, toothed organs, the mandi- 
bles. These, the maxillm and the maxillipedes, thus con- 
stitnte six pairs of gnathites. 

The remaining three pairs of appendages occupy the sides 
erf the fore-part of the cephalo-thorax, in front of the 
month. The most posterior pair, or the long feelers, an' 
the antennas ; the next, or the short feelers, are the anten* 
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milae ; wLile the most anterior pair are the moveable stalks, 
which support the eyes upon their extremities ; the “ oph- 
thalmic peduncles,” or “ ophthalmites,” 

To arrive at an understanding of the composition of 
tills complex body, with its multiform appendages, we 
must first detach and study carefully one of the abdominal 
segments — say the third. Such a segment is nearly semi- 
circular in vertical section, the dorsal wall, or tergiim, 
being very convex, and where it reaches the level of the 
idmost straight ventral wall, or sternum, sending down 
a flattened lobe, which is reflected at its free edges into 
a corresponding prolongation of the ventral wall, so that 
each infero-lateral angle of the segment is prolonged into 
a hollow process, the pleuron. Xear the outer extremities 
of the straight ventral portion of the segment two rounded 
articular cavities, w hich receive the basal joints of the ap- 
pendages, are situated. A transverse groove will be seen 
on the tergum, separating rather more than the anterior 
third of its surface, as a smootli, convex, lenticular facet, 
which is completely overlapped by the posterior margin 
of the precetli ng segment, when the abdomen is extended, 
and is left uneoveiaHl only in complete flexion. This is 
the tergal facd. A corresponding flattened and rather 
excavated surface upon the anterior half of the pleunm, 
which ds similarly overlapped by the preceding pleuron, 
and is left uncovcre<l only in complete extension, may be 
termed the ph ural farvt. It wall be observed that there is a 
close correspondence lx*t\vcen the skeleton of an abdominal 
somite of a Cniy-tish, and that of a thoracic somite of a 
Trilobite; except that, in the latter, the sternal region i'. 
not eiilcified. 

The appendages of the segment iFig. 71, K) are very 
simple, consisting t»f a eyliudvical basal portion, divideil 
into two joints, a shorter proximal, and a longer distal, 
to the latter of which two terminal many-jointed filaments 
are articulatcnl. The inner of these is distinguished from 
the outer by possesHiug a more elongatoil and wider basal 
joint. The whole basal division of the appendages is the 
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Fig. 71 . — Astacus Jluviatilis. A. Mandible, a, fc, endopodite ; o, its 
terminal joints constituting the palpus of the mandible. B. First 
maxilla. C. Second maxilla. I). First maxUlipede. E. Second 
maxillipede. F. Third maxillipede. All the preceding, except B, 
are left limbs. G. Ambulatory leg. H. Appendage of first, an® 

1, of second abdominal somite in the male. K. Appendage of third 
abddminal somite. L. Sixth abdominal somite, with its appen- 
dages and telson. a, h. Endopodite. c. Exopodite. d. Epipodite. 
e. Setaceous filaments attached to coxopodite, x. Tergum of sixth 
abdominal somite, y, z. The two divisions cf the telson. In G : 

2, hasipodite ; 3, ischiopodite ; 4, meropodite ; carpopodite ; 6, pro- 
podite; 7, dactylopodite. In A. d marks the tendon of the adductor 
muscle, and, in K, the joints of a 6, and c are not sufficiently 
nunierous. M. Transverse section of half a thoracic somite (a). 
b. Coxopodite. c. Basipodite. d. Ischiopodite. h. Branchiferous 
epipodite. f\ y. Branchiop. e. Filiform appendage. N. One of 
the branchiferous epipodites. a. Its point of attachment, b. Basal 
enlargement, c. Branchial filaments, d. Terminal lobes. 

protapodite ; while the intomal and external terminal fila- 
ments are the endopodite la b) and exopodite (c). 

An abdominal segment, or somite, then, is composed 
of a tergum, two pleura, and a sternum ; but it must be 
remembered that these terms rather indicate regions than 
iinatomicid elements, the whole segment being continuously 
calcified, and no sutures or other absolute demarcations 
separating one portion from another. Furthermore, the 
somite carries two appendages, each divided into a proximal 
portion or protopod iu*, terminated by two branches, the 
endopodite and exopodite. 

The whole exoskeleton of the AstiwuSy however various 
may be the appearance of its different parts, consists of 
somites and appendages essentially similar to those which 
have just been describeil, but which are more or less 
masked by the connation, the coalescence, the alnu tion, 
or the extreme modification of their primitive elements. 

H, in the first place, we follow out these modifications in 
5 the posterior somites, we find the fourth, fifth, and sixth 
^ abdominal somites to be, in all essential respects, similar to 
^the third; but the appendages of the sixth (Fig, 71, L) 

I are singularly changed, the protopodite being represented 
'by a single strong, short joint, and the exopodite and 
endopodite having the form of wide oval setose plates. 
The exopodite is again divided into two portions by a 

2 
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transverse joint. The seventh division of the abdomen 
(Fig. 71, L, y, *) is the teUonu This telson bears no appen- 
dages ; dorsally it is completely calcified, but is divided by 
a transverse suture into two portions, the posterior of which 
is moveable upon the other; ventniUy, on the contrary, it 
is only the posterior part which is fully calcified, the middle 
of the anterior portion, in which the anus is situated, being 
completely membranous, and the sides only being strength- 
ened by calcareous plates extending inwards from the 
dorsal hard skeletal element, or schrodcrmite. 

The powerful tail-fin of the Astacus is form(*d by the 
telson, combined with the two distal divisions of the sixth 
abdominal appendages on each side. The otlier abdominal 
appendages can have very little influence on locomotion. 
In the female, however, they play an important part, as 
the carriers of the eggs; tuid, in this sex, there is nothing 
worthy of sjsjciiil notice about tlie first and second ab- 
dominal somites or their appendages, except that those oi 
the first are rudimentary. In the male, the appendages 
of these two somites have undergone a very interesting 
metamorphosis, whereby they are fitted to subserve c<»pula- 
tion. Those of the second somite (Fig. 71, I) are enlarged, 
and the protopodite and basal joint of the endopodite are 
much elongat<*<l ; the latter being produced internally into 
a plate rolled upon itself, and thence conciive outwards 
and forwards. It is as long as the rest of tin* endopodite 
(which like the exopcslite is many-jointed) and senses as a 
sort of shoatli for the reeepti<»n of the appendage of tlu' 
first abdominal somite (Fig. 71, H) whitdi consists of a 
single plate rolk^ upon itself in a similar manner, so a.s 
to resemble a grooved style. These organs, doubtless, bel}> 
to convey the spermatopbores from the male genital aper- 
tures to the body of the female. 

The compact and firm eephalo- thorax seems at fii*8t to 
differ widely from the flexible, many-jointed abflomen ; but 
the most posterior of its somites offers an interesting transi- 
tion from the one to the other. This somite is, in fact, only 
united by membrane to that which precedes it, and is hence, 
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to a certain extent, moveable. Its sternal portion is com- 
pletely calcided, but the epimera * are only partially cal- 
cified. ^ 

The appendages of this somite differ widely from those 
of the abdomen, representing (as theii’ development shows) 
only the protopodite and endopodite of the latter. Each 
is a long firm leg, composed of seven joints, the proximal 
one being thicker than any of the rest, while the terminal 
joint is nan’ow, cuiwed and pointed. To these seven joints, 
Milne-Edwards has applied the following terms (Fig. 71, 
(Jr). The proximal one which articulates with the somite, 
is the coxopoclite (1), the next, small and conical, is the hasi- 
podite (2), the third cylindrical, short, and marked by an 
annular constriction, is the ischiopodite (3). Next comes 
a long joint, the meropodite (4), then the airpopodite (5) and 
propodite (G), and, finally, the terminal dcictylopodite (7). f 
The next four somites, proceeding anteriorly, have a 
similar general character to that w’hich has just been de- 
scribed, but they cease to bt‘ moveable iipon one another, 
partly by reason of the cahdfication of the interepimeral 
jind interstemal membranes, partly on account of the 
development of these membranes by a folding inwards, or 
involution, into processes, the npodtnms, which project 
inwards and unite with one another in the cavity of the 
thorax. In an Asticus which has been macerated, or, 
better, boiled in caustic alkali, the floor of the thoracic 
cavity is seen to be divided into a number of incomplete 
cells, or chambers, by these apodomal partitions, which will 
be observed, on careful examination, to arise partly from 
the interstemal, partly from the interepimeral membrane 
c(.>nnecting every pair of somites. The former portion c>f 
each apodeme is the endotfternitCy the latter the cndoplenrifc 
of Milne-Edwards. As a gt'neral rule, each endostemitc is 

* The term epimeron is here appendage and the pleuron. 
employed in a more special sense f Probably the coxo- and basi- 
than that commonly used, to de- podite together answer to the 

note that part of the lateral wall protopodite of the abdominal 

of a somite which is Mtuated appendages, the remaining joints 

betw’ecn the articulation of the representing the endopodite. 
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distinguishable into three apophyses — the arthrodial, which 
passes outwards and unites with the descending division of 
4he endopleurite to form one boundary of an articular 
cavity for a limb ; the mesophragmal, which is directed in- 
wards, uniting with its fellow, and forming an arch over 
the passage loft in the middle line between each pair of 
endostemites — the so-called sternal canal ; lastly, the para- 
phragmal division is a small process, which passes forwards, 
upwards, and outwards, and unites with the anterior division 
of its own endopleurite, and with the posterior division of 
the endopleurite in front of it. 

The endopleurite, likewise, divides into three apophyses, 
one descending or arthrodial, and two which pass nearly hori- 
zontally inwards : the anterior horizontal apoi)hy8i8 uniting 
with its own paraphragmal apophysis, the posterior with the 
paraphragmal of the antecedent end os t cm ite. The posterior 
horizontal apophysis, therefore, crosses the space between 
every pair of apodemes diagonally, whence the appearjince 
of a double row of longitudinal cells opening above, on each 
side of the sternal canal. It w ill be understood, however, 
that these cells are vei*y incomplete, communicating with 
one another anteriorly and posteriorly, by the hirge 
apertures left betwe<m the endostt^rnitcs and endopleurites ; 
and, latei*ally, by the spaces l>etween the endostemites, 
through which each series opims into th^ sternal canal ; while 
above, they are in free communication wdth tlie thoracic 
cavity. Tlie apodemes give attachment to the muscles 
of the appendages, while the chain of ganglia and the 
sternal artery lio in the sUjmal canal. 

The appendages of the penultimate, resemble those of th(‘ 
last, thoracic somite, but the three preceding pairs difTtu* 
from them by being chelate, that is, by having the posterior 
distal angle of the propodite produced so as to equal the 
dactylopodite in length, and thus constitute a sort of 
opposable finger for it { Fig. 71 , G, 6, 7 ). The first ambulatory 
or prehensile limb, again, is remarkable for its great size 
and strength, and for the ankylosis of its basipodite with 
the ischiopodite. 
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The four anterior pairs of ambulatory limbs differ from 
the last pair in possessing a long curved appendage (Fig. 
71, N), which ascends from the coxopodite, with which it is 
articulated, and passes into the bi'anchial chamber, in whicl? 
it lies. This is the epipodite ; its relation to the function 
of respiration will be adverted to presently. 

The stemu, which are wide in the three hindmost thoracic 
somites, become very narrow and almost linear in the 
anterior ones. They and their apodemes, however, remain 
perfectly recognisable. 

The sternal regions of the three maxillipedary somites 
have the same characters, their appendages and articular 
cavities becoming smaller; while, by the contemporaneous 
excessive narrowing of the interarticular regions of the 
sterna, these cavities are closely approximated. 

The sternum of the next anterior somite (bearing the 
second pair of maxilhe\ on the other hand, though vei*y 
narrow from before backwards, has a considerable width, 
and its articular cavities, already much larger than those 
of the antenor maxillipedary somites, are consequently 
thrown outwards. Hence results a sudden widening of 
the second maxillary, as compared with the first maxilli- 
pedary somite ; and, as a consequence, we find a deep 
fold or depression on the sides of the body, where these two 
somites join. This fold is directed upwards and backwards 
on the Hanks of the body, parallel wdth an important im- 
pression on the carapace, the cervical groove. Not only on 
this ground, but because the fold really represents a true 
neck, or separation Ix^tween the hcjid and thorax, it may 
approximately Ihj termed the cervical fold. The scapbo- 
gnathite, (Fig. 71, 0, c, d,) an important apx>endage of the 
second maxilla, lies in this cervical fold. 

The appendages of the three maxillipedary somites (Fig. 
71, D, E, F) are highly interesting, inasmuch as they afford 
transitional forms between the ambulatory limbs and 
the gnathites. Each maxillipede is composed of three 
divisions, articulated with a stout protopodite. The 
outermost of these divisions is a curved, elongated lamina 
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{d), precisely resembliug tlie epipodite of the posterior 
thoracic limbs in the two hinder maxillipedes (E, F) ; but, 
^in the anterior (D) not modified so as to serve as a branchia, 
and rather approaching the scaphognathite in form. 

The middle division of each maxillipede (c), answering to 
the exopodite, is long, slender, many-jointed, andpalpiform, 
while the inner division, or endopodite, (rt, h,) not only 
corresponds with one of the ambulatory limbs, but in the 
posterior maxillipede (Fig. 71, F) very closely resembles 
one, and contains the same number of joints. In the next 
maxillipede, however (Fig. 71, E), the endopodite is pro- 
portionally shoi*ter, and in texture and form rather 
approaches the foliaceous endopodite of the anterior 
maxillipede (Fig. 71, D), in which a flat plate is applied to 
the posterior surface of the slender exopodite. A perfect 
transition is thus produced between the corresponding 
divisions of the second maxillipede and of the second 
maxilla. 

The intermaxillary apodeme, or that developed from the 
connecting membrane of the two maxillary somites, is very 
remarkable for its stoutness and for the great size and 
expanded form of the mesophragmal processes, which unite 
into a broad plate, whence prolongations are sent forwards 
and outwards, in front of the tendon of the great adductor 
mandibuloe muscle on each side. These i)rolongations appear 
to be the calcified posterior horizontal apophyses of the 
mandibulo-maxillary apodeme, which elsewhere remains 
membranous. 

The second maxilla (Fig. 71, 0) much resembles the an- 
terior maxillipede, but the epipodite (d) and exopodite (c) 
appear to be combined into a wide oval plate, the scapho- 
gnathite j of which mention has already been made.* In the 
first maxilla (Fig. 71, B) the epipodite and exopodite appear 
to be undeveloped, and the joints of the endopodite are 
completely foliaceous. The somite which supports the 

♦ Until the development of of the homologies of their parts 
these appendages has been must be regarded as provisional, 
worked out, the determination 
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mandibles is, to a gi’eat extent, membranous in its sternal 
region ; it is united with the corresponding region of the 
first maxillaiy somite, itself represented merely by a 
narrow, distinctly calcified, band, in front of the second 
maxillary sternum, by membrane only. In this mem- 
branous space the elongated aperture of the mouth is 
situated. 

On each side of, and behind, the mouth are two little 
elongated oval calcified plates, between which, an oval 
process, setose at its extremity, proceeds downwards and 
forwards, and lies in close apposition with the posterior 
face of the mandible of its side. This is one-half of what 
is termed by most authors the labium, but, to avoid con- 
fusion with the labium of Insecta, from which it is wholly 
different, it may be called the metastoma (Fig. 72, /). It 
obviously answers to the structure so named in the Cope- 
poda. 

The mandibles fill up a large space in the sternal mem- 
brane, with which their edges are continuous on each side 
of the oral aperture ; externally, the sternal membrane bends 
suddenly downwards into the pleural ridge, continuous with 
the branchiostegite of the carapace, and becomes calcified ; 
Vr'hile, anterioifiy, it is very diffic\ilt to say wliere the mandi- 
bular sternum terminates. In front of the mouth the 
sternal membrane becomes developed into a large median 
lobe, containing three small calcified plates on each side 
of the middle line. This is the labrum (Fig. 72, e). 

The mandible itself (Fig. 71, A) is thick and strong at its 
inner end, where it is divided by a deep excavation into an 
upper and a lower portion, (a, h,) the edge of each being 
toothed. The outer division of the mandible extends along 
the whole width of the somite, and tapers to its extremity, 
which presents an articular head, the outer condyle. 
Attached to its anterior margin is the palp (o), which 
represents the terminal joints of the mandibular endo- 
podite. The exopodite and the epipodite have no re- 
presentatives in this appendage. Superiorly, the outer 
portion of the mandible is concave, and its posterior edge 
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gives attachment to the calcified tendon of the adductor 
mandibuhe (d). 

^ In front of the labrum and mandibles is a wide, some- 
what pentagonal area, prolonged into a point in the middle 
line forwards, and presenting a small spine on each side ; 
this is the epistoma (Fig. 72, B, 1), and it is chiefly, if not 
entirely, formed by the sternum of the antennary somite. 
On each side of its triangular anterior extremity it pre- 

Fig. 72. 





Fig. 72. — A. Anterior extremity of the cephalo-thorax of AstacuSy 
with a portion of the carapace removed. B. Vertical section of the 
anterior part of the cephalo-thorax. a, rostrum; 6, ophthalmic 
peduncles ; c, antennulae; d, antennfle ; e, labrum ; /, metastoma ; 

oral aperture; /t, procephalic processes ; ophthalmic sternum; 

\ anteniiulary sternum ; antennary sternum or epistoma. 

sents a wide articular cavity for the articulation of the 
antenmc. In these organs (Fig. 72, B, d) the same parts 
can be recognised as in the other appendages, viz., an 
imperfect basal joint, produced into a prominent cone, 
perforated behind and internal to, its apex; and here 
called coxocerite. Next, a hasicerite, to the outer porfion 
of which a flattened plate, the representative of the 
exopodite, and here called the scaphocerite, is articulated; 
while to its inner portion an ischiocerite is connected, 
bearing a merocerite and carpocerite, while the last segment, 
or procerite, consists of a long multi -articulate filament. 

The sterna of the next two somites are narrow and elon- 
gated ; that of the antennary somite is well calcified, but 
that of the ophthalmic somite is almost entirely mem- 
branous. 



ASTACirS FLUVIATILIS. 


315 


The antenmiles (Fig. 72, B, c) present an enlarged tiigonal 
basal joint, succeeded by two others. These represent the 
protopodite, and carry at their extremities two many-jointed ^ 
filaments, which probably represent the exo- and endopo- 
dites. 

The peduncles of the eyes (Fig. 72, h), lastly, are composed 
of two joints, a small proximal hasiophthalmitey and a larger 
terminal podophthalmite. 

Such are the structure and arrangement of the sternal 
portions of the several cephalo-thoracic somites, and the 
nature of their appendages. On regarding the sternal 
region as a whole, there are yet some very important 
points (the morphological value of which has been fully 
pointed out by Milne-Edwards) to be noticed. A longi- 
tudinal median section, in fact, shows, that while a line 
drawn through the sterna of the somites behind the mouth 
is nearly straight and parallel with the axis of the body, a 
similar line drawn through the sterna of the somites, in 
front of the mouth, ascends as it passes through the 
antennary, antennulary and ophthalmic sterna, and thus 
takes a position at right angles to the former line (Fig. 72, 
B). The sterna of the somites, in front of the mouth, are, 
therefore, bent up so as to look forwards instead of down- 
wards ; and it is of essential importance to bear in mind 
this cephalic flexure, in considering the structure of the 
head in these and other Arthropoda. 

Just as the lateral regions of the abdominal somites are 
produced into the pleura, so are the lateral regions of the 
cephalo-thorax similarly prolonged. Thus the membranous 
lateral walls of the posterior cephalo-thoracic somite are 
reflected superiorly, and bent down again to the level of 
the bases of the legs, where they become continuous with 
a calcified layer coiTesponding with the tergal half of the 
pleura, and forming the posterior paii: of the carapace. In 
like manner, the more or less calcified epimera of all the other 
somites are reflected superiorly into a membrane which 
passes downwards, and the free lower edge of which is con- 
tinuous with the edges of the carapace. The carapace, 
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therefore, corresponds in position with the terga and tergal 
halves of the pleura of all the somites which are thus 
f reflected into it, and these somites include all, without 
exception, from the last thoracic to the ophthalmic. Pos- 
teriorly, the edges of the carapace are a little prolonged 
beyond the last thoracic somite, and take the form of a 
fold, with an under layer distinct from the upper. An- 
teriorly, in the middle line, the carapace is prolonged in a 
similar manner, but to a much greater extent; it thus 
gives rise to the long rostrum, which overhangs the 
sterna of the ophthalmic and antennulary somites. At 
the sides of the antennulary and antennary somites the 
rostral prolongation of the carapace is the direct con- 
tinuation outwards of the epimera of those somites, and 
there is nothing to be compared to an apodeme ; but the 
sternum of the ophthalmic somite, after giving oti* the 
lamella which forms the inferomedian region of the rostrum, 
is prolonged on each side of the middle line backwards and 
outwards into a free, expanded, thin, calcified process, which 
applies its(‘lf against the carapace by its upper surface, and 
by its under surface gives attachment to the anterior gastric 
muscles. Corresponding processes are developed from the 
carapace itself, in some Podophthalmia (e. g. Galathea, Car- 
cinus), for the attachment of the posterior gastric muscles. 
From the last thoracic to the maxillipedary somites, the 
pleural, or free part of the carapace, termed, from its 
function, tlie hranchiostegite, or cover of the gills, encloses 
a wide space, bounded internally by the epimera of the 
somites. This is the branchial chamber. In front of the 
maxillipedes and cervical fold, however, the chamber sud- 
denly becomes narrowed by the rapid widening of the 
sterna of the maxillary and mandibular somites, and by the 
lowering of the point at which the reflection of their 
epimera into their pleura takes place. Finally, on the 
antennary somite, and in front of it, the pleuron becomes 
a mere fold separated by a shallow groove, the represen- 
tative of the branchial chamber, from the epimera. 

On the dorsal surface, there is no indication of any division 
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of the carapaxie into terga corresponding with the sterna of 
the somites, but it is marked by a well-defined, curved 
groove, the posterior convexity of which extends across the ^ 
carapace, rather behind its middle, and the lateral portion 
of which runs downwards and forwards, towards the anterior 
part of the antennary sternum. This is the cervical groove ; 
that part of the carapace which lies in front of it is the 
cephalostegite, while that which is behind is the omostegite. 

The omostegite, again, is divided into three- portions by 
a groove on each side of the middle line — the hranchio- 
cardiac grooves. The branchiocardiac groove, and the 
lateral portion of the cervical groove, on the dorsum of the 
carapace, correspond very closely with the line at which 
the epimeral is reflected into the pleural membrane, on its 
ventral surface. The transverse portion of the cervical 
groove, on the other hand, corresponds with the posterior 
boundary of the stomach, and the anterior extremity of 
the heart, and continues inwards the line of the cervical 
fold; so that, in a longitudinal section of an Astacus, the 
direction of the cervical fold, if followed upwards and 
backwards, strikes against the inner surface of the cara- 
pace, at a point corresponding with the summit of the 
cervical groove, on its outer surface. By cutting through 
the cervical fold, therefore ; through the membrane joining 
the second maxillary with the first maxillipedary sternum ; 
and through the carapace in the transverse part of the 
cervical groove, it is possible to separate an anterior portion 
of the cephalo-thorax, containing the whole of the cephalo- 
stegite, and the first six somites, with their appendages, 
from a posterior portion, consisting of the omostegite, and 
the last eight cephalo-thoracic somites. And, in making 
this artificial separation, we should be merely carrying out 
a distinction between these two sets of somites, already 
very clearly indicated by the cervical fold and groove. 

It is for this reason that I differ from Milne-Edwards in 
regarding the somite which bears the first maxillipedes as 
the first of the thorax, and not as the last of the head. 
And the acceptance of this natural delimitation of the 
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head in the higher Crustacea, has the advantage of bringing 
its structure into accordance with that of the same region 
^in the Entomostraca, in which it is the rule that the head 
possesses eyes, antennules, antennae, mandibles, and two 
pairs of maxillae. 

Another mark upon the carapace is a large and rounded 
convexity, occupying nearly a third of the whole width of 
the posterior half of the cephalostegite. This impression 
is bounded internally by a line drawn from the outer angle 
of the base of the rostrum, directly backwards ; and, exter- 
nally by a curved depression, deepening into a pit ante- 
riorly ; it corresponds with the attachment of the base of 
the adductor muscle of the mandible. 

The mouth of the Crayfish is a wide aperture, situated 
between the labrum in front, the metastoma behind, and 
the mandibles on each side. It serves as the entrance to 
an equally wide oesophagus, a short tube with plaited 
walls, which takes a slightly curved direction upwards and 
a little backwards, to open into the lai*ge stomach, which is 
not only situated directly over, but extends forwards in 
front of, the gullet. The stomach, in fact, occupies almost 
the whole cavity of the body in front of the cervical 
suture, and is divided by a constriction into a large anterior 
moiety, the cardiac division, and a small posterior, pyloric 
portion. The anterior half of the cardiac division has the 
form of a large membranous bag, the inner surface of 
which is closely set with minute hairs ; but, in the posterior 
half of this, and on the whole of the pyloric division, the 
walls of the stomach are strengthened by a very peculiar 
arrangement of uncalcified and calcified plates and bars 
articulated together, which are thickenings of the chitinous 
cuticula of the epithelium of the alimentary canal, and 
constitute the gastric skeleton. The most important 
part of this apparatus is that which is developed in the 
posterior cardiac region. 

It consists, in the first place, of a transverse, slightly 
arcuated cardiac plate (Fig. 73, cd), calcified posteriorly, 
which extends across the whole width of the stomach, and 
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articulates at each extremity by an oblique suture with a 
small curved triangular antero-lateral or pterocardiac {pt) 
ossicle. On each side, a large, elongated postero-lateral or^ 
zygocardiac ossicle (se) wider posteriorly than anteriorly, 
is connected with the lower end of the antero-lateral ossicle, 
and, passing upwards and backwards, becomes continuous 
with a transverse arcuated plate, calcified in its anterior 
moiety, and situated in the roof of the anterior dilatation 
of the pyloric portion; this is the pyloric ossicle (Fig. 
73, py). 

These pieces, it will be observed, form a sort of six-sided 
frame, the anterior and lateral angles of which are formed 
by moveable joints, while the posterior angles are united by 
the elastic pyloric plate. 

From the middle of the cardiac piece a strong calcified 
urocardiac process (ca') extends backwards and downwards, 
and, immediately under the anterior half of the pyloric ossicle, 
terminates in a broad, thickened extremity, which presents 
inferiorly two strong rounded tuberosities, or cardiac teeth. 
With this process is articulated, posteriorly, a broad pre- 
pyloric ossicle, which passes obliquely upwards and forwards, 
in the front wall of the anterior dilatation of the pyloric 
portion, and articulates with the anterior edge of the 
pyloric ossicle, thus forming a kind of elastic diagonal 
brace between the urocardiac process (ca'), and the pyloric 
ossicle. The inferior end of this pre-pyloric ossicle is pro- 
duced downwards into a strong bifid urocardiac tooth (ac). 
Finally, the inner edges of the postero-lateral ossicles are 
flanged inwards horizontally, and, becoming gi’eatly thick- 
ened and ridged, form the large lateral cardiac teeth (cc). 
The membrane of the stomach is continued from the edges 
of the pre-pyloric to those of the postero-lateral ossicle 
in such a manner as to form a kind of pouch with 
elastic sides, which act, to a certain extent, as a spring, 
tending to approximate the inferior face of the pre-pyloric 
ossicle to the superior face of the median process of the 
cardiac ossicle. 

The result is that there is a certain position of equilibrium 
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of the whole apparatus, when the urooardiar: procesB aiul 
the pre-pyloric obsicle make a small an^le wiih one another, 


Fig. 73 



Fig. 73.- Astdcu.t - Ppper Figure: Longitudinal Section (tf Stomneh. 
A. Anterior gHsIric imipcle, B. Posterior gastric muscle. iF.. us«v 
phagUR. P Pylorus, ru. C'anlinc ossicle, c o'. Its iirocariiiac process, 
rt c i'rocinina(' tooth, /o/. Pyloric ossicle. 'I he oblique bar, extend- 
ing iVtuii the end of the cardiac to the pyloric, is the prepyloric ossicle. 
pt^ ptenx'anliac. fr. Postero-laternl car<liac, with its great tooth, e c. 
/. Small inferior tooth, e t'ardio-p) loric valve. A. Infero-median 
pyloric ridge, a. Lateral pyloric ridge, d. Superior pyloric ridge. 
up. Pro- pyloric ossicle, xy. Line of section; the anterior face of 
tiie posterior segment being shown in tlie lower figure. 

and the antero-latenil ossicles form an almost unbroken 
transverse cim’O with the cardiac. When undisturbed, the 
apparatus tends to assume this position. 
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Two pairs of powerful muscles are attached to this gas- 
trie skeleton. The anterior pair arise from the procephalio 
processes, and are inserted into the roof of the stomach, 
somewhat in front of the cardiac ossicle ; the posterior have 
tbeir origin in the carapace immediately above and behind 
the pyloric end of the stomach, and their insertion into the 
pyloric ossicle and the wide posterior part of the postero- 
lateral pieces. 

From the attachment of these muscles it is clear that 
their action must, in a general way, resemble that produced 
by pulling upon the cardiac and pyloric pieces when the 
stomach is removed from the body. Now the result of doing 
this is that, the cardiac and pyloric pieces being divaricated, 
the pre-pyloric ossicle assumes a vertical position, and the 
uro-cardiac tooth turns downwards and forwards. At the 
same time the antero-lateral or ptcrocardiac pieces are 
i>ulled backwards, and, owing to their oblique articulation 
with the cardiac piece, their inferior ends move down- 
wards, backwards, and inwards, carrying with thorn the 
anterior ends of the postero- lateral pieces, the teeth of 
which {lateral cardiac) come into contact with the uro- 
cardiac and cardiac teeth, with a force proportional to that 
exerted in tractiv.n. On ceasing to pull, the apparatus 
rcttirns t<^ its former position, its backward movement 
being facilitated by the reaction of the elastic pouch men- 
tioned above, and being doubtless also assisted, in the 
living state, by a pair of small cardio -pyloric musoies, 
which pass, one on each side, between the cardiac and 
pyloric ossicles, beneath the membrane of the stomach, the 
looseness of which, in this region, where it unites the various 
ossicles of the gastric mill, greatly assists the free move- 
ment of the whole apparatus. 

Nothing can be more easy than to perform the ex- 
I>eriment, and to convince oneself that these structures do 
really constitute a most efficient masticatory apparatus; 
and it is surprising that Oesterlon, in his elaborate essay 
on the stomach of Astacus, should have questioned the 
crushing action of the teeth. 
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A great bilobed valvular process (Fig. 73, c) rises up from 
the sternal region of the stomach, opposite the eardio-pylonc 
^constriction, and apparently prevents the food from passing 
into the pyloric division until it is properly comminuted. 
And, in front of this valve, the infero-laU^ml parietes of the 
stomach are stroiigthened by a number of other plates and 
bars; one of which on each side bears a small t<X)th 
{inftyro-lahrnl cardiac, 1), and is continued into a broad 
uncalcifled jdate, lying in the hinder and lower ])art of 
the side walls of the stomach, and covert*d with hairs 
internally. There are, therefore, altogether seven gastric 
teeth, three median, the cardiac, and the uro-cardijic ; and 
two latenil on eatdi side, the lateral cardiac, and the infero- 
lateral canliiu*. 

In th(‘ pyloric division of the stomach the food has to 
undergo a further series of comminutions and strainings. 
A ridge cover<*d with long hairs projects in the median 
line above; (dlier hairy ridges extend inwards from the 
sides to mott it, and iicaidy close the passage laterally. 
These ridg<*8 are very convex inferiorly, and their con- 
vexities abut against the concavities of an inferior median 
ridge, which rises up to meet them, and is prolonged 
posteriorly into a sort of valvular process, covered at its 
termination with long hairs, which bar the space left 
l>etween the uj)per parte of the lateral ridges. The 
concave faces of this median process ai‘e covered by 
close-set pandlel ridges, which only become free hair-like 
proet^sses at the posterior margin of the plate, each ridge 
giving attachment to a regular series of minute hairs. 
Thtwe are directed inwards nearly parallel with the surface, 
which hH)k8 at first as if it were merely ruled with close-set 
transverse Hues, connected by still finer and closer longi- 
tudinal ones. 

This apparatus constitutes the “ ampoule cartilagiueux ” 
of Milne- Edwards. Behind it there is yet another infero- 
median, and two lateral setose, valvular prominences, which 
form the last barrier between the food and the intestine. 

Mr. T. J. Pai’ker, who has recently carefully examined the 
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struoUire of the Btomach of tbe Crayfish,* finds that, be- 
sides the ant erior and posterior gastric and the cardio-pyloric 
muscles, there are intrinsic fibres in the walls of the stomach, 
some encircling the posterior pyloric region, others passing 
between the hindermost accessory ossicle and the postero- 
lateral and pyloric pieces; these must tend to diminish 
the cavity of the stomach, and the last-named fibres possibly 
assist in mastication by bringing the lateral cardiac into 
contact with the infero-lateral cardiac tooth. Moreover 
there are nine pairs of minor extrinsic muscles, of which 
two pairs pass from the Jinterior wall of the stomach and 
gullet to the anteniiai*y sternum, j^assing between the 
Ofsophageal commissures and on eitlier side of the azygos 
nerve of the visceral system ; three pairs pass between the 
side walls of the stomach and cesophagns and the mandibular 
stenia ; a sixth pair arises from the forward processes of the 
intermaxillary apodeme and is inserted into the msophagus ; 
two more pairs arise, one from the internal thickened edge of 
the mandible, the other from the intermaxillary apodeme, and 
are inserted into the inferior surface of the pyloric region ; and 
a ninth pair arises from the caraptme just behind the posterior 
gastric muscles, and goes to be inserted into the posterior 
pyloric dilatation. There are also a few more inconspicuous 
fibres passing lietween the (esophagus and the mdghbouring 
hard parts. All these, at least when acting together, must 
antagonise the intrinsic muscles, and dilate the stomach. 

The pyloric portion of the stomach passes into tin* {in- 
terior portion of the intestine, which is smooth internally, and 
presents superiorly a ca.*cal process, the remains, according 
to Rathke, of one lobe of the vitellary sac of the embryo. 

This anterior portion of the intestine is, however, very 
short, and almost immediately becomes dilated into the 
wider posterior division, which extends to the anus. The 
inner surface of the dilatation is produced into six ridges, 
which are (Continued into a corresponding number of series 
of papilla? along the rest of the intestine. 

The only glandular apparatus of any kind which opens 
• * Journal of Anatomy and Phyiiology,’ Oct. 1876. 

T 2 
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into the alimentary canal is the liver, and the aperture'^ 
of the wide hepatic ducts are seen on each aide of the 
pylorus. Each duct conveys the secretion from the mul- 
titudinous cjecal tiil>c8, which constitute the principal mass 
of the corrcspondinj]^ bilobed half of the liver. The two 
halves lie on each side of the stomacli, and, thouf^h th»y 
remain perfectly distinct from one another, come into closo 
ct>ntact below. 

AHtfici/8 jk>HHeHHes neither salivary f^lands nor any ca'cal 
appendages to the intestims such as exist in the Bnichyurn 
and some Macrnrn, unh‘8s the short earum just now 
described is the homolo^iie of the longer cara of Maid and 
Ho-auinw. 

In the spring an<l summer, two very curious diseoidal 
culeareous plates, tin* so-called “eyes" of the Craytish, are 
found imhtMlded in tlie walls of the dilated anterior ]>ortio!i 
of the cardia<' division of the stouuich, the middle of tie* 
hitenil Hurfa<a‘ of wliicdi they occupy. These bi)dies ciuu- 
immee as calcareous deposits uiideriieuth the cdiitinous gjis- 
tric lining, and increase in size until the pt'riod arrive'> 
at whicli the Crayfish casts its skin. They are then cast 
togetluT with this lining memhiiine and the gastric* arma- 
ture; and it would appear that, like the latter, they lH-‘Come 
brokc'ii U}> aud destroyed within the ii(‘w stomach. The 
purpose of these coiu'retions is not understood; the ordi 
nary tht*ory, that they are stores of calcareous matt<'r, ready 
to be distributed through the young integument after 
ec'dysis, appearing to be negatived by their small size. 
Oesterlen states that they rarely weigh more tliau two 
grains, and judic'iously suggests, that if it be admitted that 
the Oniytish can derive all the calcareous matter it rt‘quires. 
ex<*ept two gi-iiius. from other scmrces, it is hardly nei’essary 
to look on those two grains as a speciiil supply. 

The oirL’ulatory appanitus of Astacm is well developed. 
The heart iFig. 74, has the shape of an irregular poly- 
gon, and lies immediately behind the stomaeh and l>eneath 
the eivrdiao region of the carapace, in a chamber which is 
commonly termed the *' pericardium,” to the walls of which 
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Fig. 7-i. 



74 —Aitfacu^, Longitudinal Section. — I. 11. 111. Sferna of CrHt, 
second, and third somites, a*. GCeophagus. ib. ]..abrum. /. Meta- 
stoma. G. Membranous part of the stomach, c. Cardiac ossicle. pL 
Pterocardiac. uc. Urocardiac. cl. l.Ateral cardiac, p. Cardio- 
pyloric valve, p i. Inferior pyloric valvular apparatus, m. Anterior 
muscle, m*. Inf^ertion of posterior gastric muscles, pc. 
Proccphalic processes. A'. Opening of hepatic duct. ». Pyloric 
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cflBcam. t, k. Intestine, p n. Testis, g n.g n". Vas deferens. C. Heart, 
a o. Ophthalmic artery, a a. Antennary. a /i. Hepatic. ««. .Sternal. 

Superior aUdoraina I artery. A. ('ere Ural ganglia. %g. Aiygi>« 
« visceral nerve. 

it is attached by six lifi^amenta, corresponding with the 
alaj of the heart in insects, but not, like tht*in. muscular. 
Except by these ligaments, and by the arteries, which pass 
through it. tlie walls of the pericardial cavity, or blood sinus 
(for 8U(di it really is), are wholly unconnected with the lu‘art, 
wliioh thus is, in a manner, suspended fnvly in the blood. 

Six apertur(‘H, two of which are superior, two inferior, 
and tw'o laterjil, provided with valve.s, which open inwanls, 
allow the blood to enter the cavity of the heart during the 
diastole, and jirevent its egi’ess, exc(‘pt by the art^‘ries, 
during tlie systole. The arterial trunks are six in num)>er, 
five being given off anteriorly, and th<‘ other from the 
posterior jiortion of the heart. 

Of the five interior arteries one, the ophthalmic, is single, 
and situated in the middle line; it passes forwards on the 
stounu’h to th(‘ head, where it supplies the eyes and auten- 
nules. The other lu’teries are in pairs; twa) pass on the 
st.oma<di forwards and outwanls, giving off branches to the 
carai^ju’e, utuI eventually supplying the antonme ; the other 
two pass downwards, between the anterior lobes of tbe 
gtMiitalia, and divide into a multitude of branches upon the 
hepatic circa. 

The posterior trunk, or sternal artery, is the largest of 
all, and presents a stirt of bulbua arteriosus at its com- 
uioncement. It turns almost directly downwai'ds, usually 
on the right sid(‘ of the intestine, to the sternal canal, which 
it enters, passing hetw'cen the antepenultimate and pen- 
ultimate tlu»ra<*ic giuiglia to the lower surface of the 
ganglionic cord ; it gives off two abdominal branches, one 
superior, cK>sc to its origin from the heart., w'hioh tra- 
Terses the middle of the tergal region above the intestine, 
the other inferior, which takes a corresponding course 
along its sternal region beneath the nerv'ous system. The 
arterial trunks ai*e provided with valves at their com- 
mencement, 80 arranged as to prevent the regurgitation 
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of the blood. They ramify minutely, but how far a 
capillary system can be said to exist, is a question requir- 
ing further investigation. In transparent Zoceoe., I hav(V 
plainly observed the abrupt toiuination of the arterial 
trimks by open mouths, through which the blood was poured 
into wall-less lacunae, and into the general cavity of 
the body; nor can there be the least doubt that a similarly 
lacunar condition of the circulation exists in those lower 
adult Crustacea, the transparency of which allows of their 
examination with the requisite powers of the microscope. 
The probability is that a similar state of things obtains in 
the vascular system of all other Crustacea, and that, after 
undergoing a greater or less amount of subdirision, the 
arterial vessels, or their capillary continuations, cease to 
(*xist, the blood then making its way into lacunae between 
the organs, and into the general perivisceral cavity; and, 
as in most Mollmca, ce^tsing to be contained in vessels with 
distinct walls. 

The blood thus poured out, eventually makes its way into 
irregular sinuses or reservoirs, the chief of which, lodged in 
the sternal canal, communicates by lateral channels with 
others which lie above the basces of the thoracic apx^en- 
dages, and from which the uil'erent branchial canals pass 
into the stems of the branchiaj. on the exterior faces of which 
they ascend, giving off branches to the lateral filaments. 
Corresponding canals return the blood from these filaments 
to the efferent branchial canals, which run down the inner 
side of the branchial stems, and unite above the biises of 
the limbs into six trunks, which ascend l>eneath the epimera 
and open into the sides of the pericardial sinus. The floor 
of this sinus is formed by a continuous membrane, which 
appears to shut it off (*ompletely from the general vi8<feral 
cavity (at least it retains air or fluid thrown into it), and, if 
this be really the case, it may be said to be functionally a 
branchial auricle, containing pure iinmixed aerated blood. 

The branchiae are eighteen in number upon each side, and 
are attached from the eighth to the fourteenth somites 
inclusively. Six of these branchiae are attached to the 
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epipodites of the eighth to the thirteenth somites, ami differ 
very considerably in appearance from the otlier twelve, 
^ach epipodite is, in fact, expanded at its iipp<‘r extremity 
into a broad, bilobed membrane, which is folded upon 
itself, BO that the two lobes are directed posteriorly, and 
receive the epipodite of the next limb (Fig. 71, N). The 
membrane of the lobes is obliquely plaited, so that, 
doubtless, they subserve respiration to a certain extent ; but, 
in addition, the anterior edge of the epipodite is bohct with 
a number of branchial filaments, similar to those on the 
other branchiiP. 

The latter (Fig. 71, M,/, g) are simple plumes, consisting 
of a stem, to which are attached many delicate, cylindneal 
filaments. Two of these plumes are attached to the epimera 
and coxo-epimeral articular membi-anes of the ninth, tenth, 
eleventh, twelfth and thirteenth somites. They increase in 
size posteriorly. The eighth and fourteenth somites, on 
the contrary, only carry one plume. A tuft of long byssus- 
like filaments is attached to the coxopodite of each of the 
last six thoimnc appendiiges (Fig. 71, F, M). 

The respiratory organs of the Crayfish, not being pro- 
vided with cilia, re<iuire some special arrangement for the 
renewal of the water with w'hich they are in contact. 
This object is attained principally by the action of the 
scaphognathite, which lies immediately l>ehind theiinterior 
opening of the hranchial chamber; and. duniig life, is inces- 
santly in motion, baling out, as it were, the w’ater which 
has become impure through the anterior opening, and thus 
comjxdling the How of fresh fluid into the biunehial chamber 
through its posterior and inferior opening, constituted by 
the spiioe left l>etween the lower edge of the branchiostegite 
and the bases of the limbs. 

The nervous system of Astacm* is composed of thirteen 
principal gtingliouic masses, of w’hich one, eerebml, lies in 
the head, in front of the mouth ; six, thoracic, aie situated 

♦ For the histology of the structure of the tissues of the 
nervous systeni, see an elaborate Crayfish, in the • Archiv fur Ana- 
•aaay by Haeckel, on the minute tomie,’ lt^5T. 
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in the sternal canal ; and six, abdominal, lie in the median 
sternal region of the six anterior somites of the abdomen. 

The cerebral ganglia (Fig. 74, h; Fig. 75, a) give off 
nerves to the eyes and to the muscles of the ophthalmic 
appendages; to the antennules and the auditory organs 
which they contain ; to the antenna) and the sac of the 
autennary gland ; to the carapace in front of the cervical 
suture ; and finally they send posteriorly two long and 
stout commissural cords to the antiudor thoracic ganglionic 
mass. These commissures are connected by a transverse 

7.'). 


d 



i'l;;. 7.'). — Visceral nerves of Antacun.—n, Cerebral f^an^Iia. h. Com- 
inasures, that of the rifjht side is cut and turned back. c. Trans- 
verse cor<l uniting them behind the u'sophugus, (K. (L d. 
Azygos nerve. h. (Ganglion. i. Lateral branch of azygos, 
uniting with postero-lateral nerve //. c, Anten>-lateral nerve. 
/. Medio- lateral nerve, k. Hepatic nerve. 1*. l*y loric. C. Cardiac 
portion of stomach. 

cord immediately behind the (e.sopliagiis (Fig. 75, c). The 
size and form of the anterior thoracic ganglion would lea<l 
to a suspicion of the complex nature which development 
shows it Uj possess. It supplies the somites and their 
appendages from the fourth to the ninth inclusively, and 
sends forwards delicate filaments to the cesophagus. 

Posteriorly it is connected with the ganglionic mass of 
the tenth somite hy two commissures, and the other tho- 
racic ganglia are similarly brought into communication, the 
commissures of the ultimate and penultimate only being 
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remarkable for their brevity. The abdominal, which are 
much smaller than the thoracic ganj>,dia, are, with the 
exception of the last two, united by single cords, whicli 
represent coalesced double commissures. Each of these 
ganglia 8uj)plie8 the muscles and the appendages of the 
somite t<> which it belongs, and the posterior abdominal 
ganglion sends branches into the telson. 

The Crayfish possesses a remarkably well-deveb»ped 
system of visceral or stoniatogastric nerves, which has b(*eii 
the 8nbj(‘ct of special study by Brandt, Milne-Ed wards, 
Krohn and Scljlemm, each of whom has described a larger 
or smaller portion of the sj^stem with accuracy, but has 
omitted to immtiun. or has denied, the existence of some 
other part. Each of the great commissures (Fig. To. />). 
as it passes over the sides of the a'sophagus, bcc’oincs 
slightly Hw<*llcn, and from the enlargement four ucrv«*s 
arise ; one, extenial, juisses towards tiie mandibular musch's ; 
a 8(‘coud poHtt‘ro-hiteraI branch (Fig. 75, g) runs upwards 
and Imck wards to th<' infero-lateral regions of the stomach, 
and eventually enters into the composition of the hei>ati<' 
nvrve [k) ; a third branch (/) turns directly inwards and 
upwards, and unites upon the msophagus with its fellow 
and -with an azygos nerve [d) which passes up in the 
middle lin»* of the anterior face of the cesophagus and 
stonnudi. and enters a ganglion jdaoed between the anterior 
gastric imiM’h's [h), from whence a lateral branch is givin 
otf on each sidi'. while a posterior median branch 
continues the direction of the az 3 ’'gos nerve. Having 
reached the <*avdiae ossicle, this nerve divides into two 
branches [i\ eaelj of which passes downwards and out- 
w'ards. unites with the post ero- lateral nerve of its side, and 
thus ft»rras the hepatic nene (k). The fourth and last, or 
antero-latend branch (e) descends at first to near the month, 
and then curving forwards, ascends to unite on the 
anterior face of the msophagus with the anterior con- 
tinuation of the azygos nerve, which passes forwards and 
upwanls and enters the cerebral mass. I am inclined to 
think that this part of the azygos nerve forms a portion of a 
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fine plexns of nervous filaments which pass from the cerebral 
jranglia backwards to the lining membrane of the carapace, 
but the dissection of these fine filaments and the demonstra » 
tion of their continuity is a matter of no ordinary difficulty. 

The intestine is supplied by two nerves which arise 
from the last abdominal ganglion, and unite into a single 
trunk, from which small branches are given off back- 
wards, and two principal ones foi*wards, which supply the 
greater part of the intestine. According to Brandt, the 
genitalia receive l)ranclie8 of the fourth, fifth, and sixth 
thoracic ganglia. 

The only certainly known organs of sense in Astncns 
are the eyes and the auditory orgjins. The eyes are seated 
at the extremities of th(‘ ophthalmic p(‘duncle8, the integu- 
ment of the (uiter extr<*mity of which becomes translucent 
over a renifonn space, and eonstitntes the corn(*al membrane. 
This membrane is divided into a great number of minnte 
quadrilateral facets, each of which corresponds with the 
base of a ery stall ine cone.’**' 

The upper face of the trihedral, proximal, and largest 
joint of tlie anttainule presents an oval space, covered by 
a broiui brush of complex hairs liaving their points all 
directed inwards. On cutting these hairs away close 
to their bjiscs, however, it is seen that they cover an 
aperture, wider above than below, and about one-sixteenth 
of an inch long. The hairs ar<* attached to the outer lip of 
this aperture, iuid some are directed so as to lie witliin 
the inner lip, but the majority cover it. A gocxl-sized 
bristle passes with great oase into tliis aperture, and if 
the inner and outer w'alls of the basal joint of the 
antennule be now removed, and the soft parts carefully 
ilissected away, the end of the bristle will be seen to have 
passed into a wide delicate sac about one-twelfth of an 
inch long, which is attached by a narrower neck round tiie 

• Mr, E. T. Newton’s careful 1875, to which I have referred 
description of the eye of the above, may be taken at a guide 

Lobster in ‘ The Quarterly Jour- to the stutfy of the minute siruo- 
nal of Microscopical Science ' for ture of the eye in the Crayfish. - 
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aperture, the lips of which are continuous with its walls. 
The sac is filled with minute sandy particles, suspended 
^n a miicous, dirty-looking fluid, and when emptied of these 
contents a band, consisting of several lines of very fine 
hairs, like those which guard the mouth of the sac, but 
more delicate, is seen to skirt its inner contt)ur. TIk' 
hairs, projecting inwards, come into close contact with the 
solid particles suspended in the mucous fluid. 

A nerve may be traced accompanying the anteniiulary 
nerve to tlie sac, and appears to be distributed principally 
along the setigerous band, so that the extremities of the 
nerve fibrils come into close relation with the bases of tin* 
hairs. Some, if not all, of the sandy particles are insoluble 
in strong acetic acid, and would appear to be silicious.* 

Two glandular 8a<*8 commonly known as the green glaiuU, 
which were formerly regarded as the auditory organs. 
lit‘ in the cavity of the bead. An aperture is visible on 
the inner or (jral side of a conical prominence, upon 
the inferior portion of the coxal joint of the antenna. A 
bristle passed into this aperture enters a large but very 
delicate iiud transparent sac, filled with a clear fluid, 
which is usually (amspicuous on each side of the anterior 
end of the stomach, wdien the earapace is carefully 
removed. A nerve which comes off from the cerebral 
iriiiss clo8(’ to the aiitonnary nerve, passes to the neck of 
this Vi'sicle, and is distributed over its surface between the 
outor and inner membranes, of which it is composed. 
Inferiorly the vesicle rests upon a large greenish ap- 
parently glandular mims, but is directly connected with 
the latter only at two points, firstly by a vascular coni, 
which passes tt» the central, and usually more yellow 
portion of the gland, and socomlly by a short neck-like 
continuation of the sac itself, wdiich is attached over a 
gmnll circular space, midway between the centre and the 
periphery of the gland, and opens into the circular 

• 8e« for a full account of the Hensen’s ‘ Studien iilwr da^ 
minute structure of the auditory (ichororgan cier Decapoden, 
oigaus in the higher Crusiacea, 1863 
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principal duct of the gland. Tliere is, therefore, a free 
communication between the cavity of the gland and the 
exterior by means of the sac, which is, in this respect, 
simply a dilated duct. A section of the gland shows it to 
]>e composed of two substances, a central and a cortical. 
The latter is composed of minute cieca, filled with a 
homogeneous gelatinous matter, containing many large 
nuclei ; the former is traversed in all directions by large 
canals, so as to liave a s}>ongy appearance. The ca3ca 
open into the ultimate ramifications i>f the canals, and the 
spongy, lung-like texture of the central mass seems to atise 
merely from the very free anastomosis of their larger 
branches, which eventually enter the circular canal which 
communicates with the vesicle. 

There is little in these structural features to 8Ugg(‘st an 
organ of special sensation, but much to show that th«‘ 
green mass is a secreting organ, and that the vesicle acts 
I whatever other 2 )urposes it may subserve) as its duct. 
Tn all probability tlie green gland is an organ of th<‘ saim* 
nature as the sludl gland of the Entomodraca. 

Leydig has attributed an olfactory function to cc'rtain 
groups of delicate seta' which occur on the joints of thti 
outer division of the antennule of the Crayfish. 

The most remarkable part of the muscular system of the 
Crayfish is the great extensor muscle of the abdonum, 
a complex mass of fibrcis which is attached in part to the 
<‘ndophragm8 of the thorax in front, and, behind, to the 
sterna of the abdominal somites, a large part of the cavity 
of which it occupies.* 

The essential parts of the r(‘productive organs in the male 
and female Astacus are very similar to one an(jther in form, 
both ovarium and testis having the figure of a trilobed 
gland, situated immediately behind the stomach, and below 
the heart. Two of the lobes are applied together, and pass 

* For details, see Suokf)w, Lobster at length in the ‘His- 
* Anatomisch-Piiysiologisohe Ln- toire natureile des Crustaces,’ 
tersuchungen.’ Mihie- Edwards tom. i, 

has described the muscles of the 
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forwards; the other lobe is directed in the middle line 
backwards. The ducts take their ori^^in, one on eat^h side, at 
the junction of each antero-lateral with the posterior lobe. 

• In minuU; structure, however, the two or^^ans differ widely. 
Each lobe of tbe testis is composed of a number of small 
cteca, in which the spermatozoa are developeil, and which 
open into a central duct. The ovarium, on the other hand, 
is essentially a wddc sac, produced into three lar^^e ciet^., 
each of which corresponds with a lobe; and the ova are 
developed in the epithelial lining of the sac. The efferent 
dufts, a^^aiu, have little resemblance, the oviducts being 
short, wide tubes which open on th(‘ coxopodites of the 
antepenultimate th(»racic ajipendages, .while the vasa defe- 
rentia are canals as long as the l>ody, at first very narrow, 
but afterwards widening, which lie c«)iled up on either side 
of the po8teri(»r i)art of tbe thoracic' cavity, where their 
white couteiils make them very conspicuous (Fig. 74, (jn‘). 
Eventually, they ojicu on the coxopodites of the iK>sterior 
tboraeit^ ajijx'udages. 

The speriiuitu/oa, like those of many other Crustacea, 
are motionless, and have the form of cells, provided with a 
nucleus and pivnluced inti) several delicate radiating pro- 
cesses. They an' united in their course down the vas 
defereus into cylindrical masses, which becoming invested 
by a line memlranous coat, j)robably secreted by the walls 
of that duel, constitute the spennatophores, which may not 
unfrtH|uently he found adhering to different parts of the 
body, not only oi female but of male Crayfish, 

The ova an' fecundated while still within the parent ; 
they become surrounded in their pjissage down the oviduct, 
by a coat, I'orresponding with that of the spermatophore, 
which is ]»n)dueed into a pedicle, the extremity of which 
becomes attached to one or other of the abdominal appen- 
dage's. Great immlx'rs of ova, atUu'hed in this way, may 
be observtKi during the breeding- seeison, within the incuba- 
tory chamber formcni by the flexure of the abdomen upon 
itaelf; and it is in this cavity that the embryos pass 
through the whole of their festal existence. 
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The development of the Crayfifth has been the subject of 
one of the most beautiful of the many admirable memoirs 
on development, for which we are indebted to the genius 
and patience of Rathke.* Afttn- fecundation a blastoderm 
anses upon the surface of the yelk, and gi*aduiilly extending 
over the whole yelk, becomes thickened at one part, so 
as to form an oval germinal disk, with a central depres- 
sion. 

This disk next becomes widened and bilobed at its anterior 
extremity, the lobes being identical with the j>roce 2 )halic 
lobes, to be hereafter deBcril>ed in the cmbi*yu of Mysis. 
The edges of the disk are raised into a fold, and within 
the fold a jiajiilla, the rudiment of the abdomen, and of 
the greater part, if not of the whole of the thorax, makes 
its apj^earance, while, anteriorly, three pairs of transverse 
elevations constitute the rudiments of the antennules, 
the antennae, and the mandibles. The laV^rum arises ns 
a median papilla, situated at first between the antennules. 
The ocular peduncles are next develojKid in front of the 
anUmnules as ridges, which only 8ubse<[uently become fre<* 
processes. 

The thoi-iicico-abdominal i)roce88 lengthens, and tlio anal 
aperture makes its ai) 2 )eanince. It is to remark ( m 1, that 
the anus is at first situated on the dorsal side of the ex- 
tremity of the abdomen, and that there is no telson. This 
is developed only at a much later period from the dorsum 
of the end of the abdomen ; and, by its outgrowth, forces 
the anus to the ventral side of the body. 

In the meanwhile, the oral aperture is developed behind 
the labrum, which moves backwards ; while the maxilhe, 
maxillipedes and ambulatory feet appear in succession as 
elevations or ridges of the substance of the embryo, which 
are, at first, all alik«, and gradually become specialised into 
their ultimate forms. 


• * Tehcr die Bildung und 
Kntwickelung de« FluMkrebses,' 
Bd. 2y. See also LerebouUer, 
‘ Recherehes d’e«ibr> ologie coin- 
piUTM tur ie developpmeat du 


Brochet de la Perche et de 
I’Ecrevjssc,' 1862 ; and the ac- 
count of Bobretsky ’0 retearchet in 
Hofmann and Schwalbe, * Jahret- 
bericht* for 1873(1875). 
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When these appendages first appear, the maxillw and 
first pair of maxillipedes are attached to the emhryo in 
^ront of the thoracico-abdominal process, the Si^cond 
maxillipedes lie in the angle between them, and the 
third maxillipedes and following appendages ar(‘ attae‘hed 
to the sternal surface of the thoracico-abdominal process 
itself ; and, this process is at first bent forwanls upon 
the rest of the germ, it follows that the aj)pendages 
atta<du‘d to it look upwards, while those attachtnl to the 
anterior j>art of the embryo look downwards. As develop- 
ment })ro(*ee(ls, liowever, the embryo gradually straightens 
itself; more and more of the anterior part of the thoracdco- 
abdominal process )»(‘coming continuous in direction wdtli 
the anterior part of the embryo; until, at length, the whole 
of th(* ccjthalo-thoracic portion forms a convex surfju’e, 
luirjillel with the vitellary membrane, only the abdomen 
nmiaiiiing bent upon the ccphalo-thorax. The middle 
portion of the carapace is formed by the ('ontinuous calci- 
fication of t}»e tlorsal walls of the cephalo-thorax of the 
('inbryo. Its jdeura arc developed as tw'o distinct folds, one 
of w’hich. the rudiment of the branchh)8tegite, encircles the 
embryo posteriorly, and extends forwards on each side as far 
as the mandibles; while the other, the rudiment of the 
rostrum, and anterior cephalic pleura, is developed in 
front of the eyes, and extends on each side to meet the 
former, lljithlvc's clear account of this matter is in perfect 
ae('ordanct' with wdiat 1 have observed in Myais, and shows 
conclusively that the cara]>ace is not developed from any 
one or two somites in particular, but that its tergal 
portion corresponds with, and is fonned by, the terga of 
all the cephalo-thoracdc somites, while the branchiostegites 
and rt ►strum are developments of the lateral portion'^ 
of all these soraitt's; in fact, represent their pleura, 
w'hich. like the terga. arc connate and continuously 
calcified. 

The appendages are thus, at first, similar to one another, 
and each consists of a ridge which eveututilly takes the form 
of a plate, free at the outer end. This plate, in ,all the 
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members, except the ophthalmic peduncles and the man- 
dibles, then becomes bilobed externally, the inner lobe re- 
presenting the endopodite, while the outer is the represen- ^ 
tiitive of the exopodite and epipodite. The two latter, 
when they are independently developed, become separated 
by the division of the outer lobe. The gills arise partly as 
outgrowths from the epipodites, partly as distinct processes 
from the parts to which they are eventually attached. Tlie 
division of the limbs into articulations takes place from 
their distal towards their proximal ends. The heart appears 
late, at the posterior extremity of the cephalo- thorax, and 
therefore behind the yelk sac. 

The nervous system of the post-oral portion of the ce- 
phalo-thorax consists at first of eleven pairs of ganglia, 
corresponding with the mandibles, maxilla;, maxilliped#8, 
and ambulatory legs. The six anU*rior post-oral ganglia 
of eaxjh side soon coalesce in pairs, so as to form as many 
single ganglia; and of these the four anterior, namely, tlw* 
mandibular, the two maxillary, and the first m ax illipedi try 
ganglia, unite into a single mass ; the two hinder ganglia, 
that is to say, those of the second maxillipedary somiu;, 
next coalesce in the same way, an<i it is only subsequently 
that the two masses thus formed become fused into th<; 
single anterior post-oral ganglion of the adult. The other 
ganglia not only remain separate?, but become wider apait 
with advancing age. A ridge on cacdi side of the cBsophagus 
at first represents the cerebral ganglion and the com- 
missural cords, the latter being developed out of the pos- 
terior part of the ridge, and the former from its anterior 
portion. The cerebral ganglia are at first two on each side, 
but the posterior, whence the nerves to the antennary 
organs proceed, is much larger than the other, and wouhl 
appear to represent two ganglia. The endostcmites arise 
as processes from each of the eight posterior cephalo- 
thoracic sterna, which eventually arch over the ganglionic 
cord, and unite with one another. 

The alimentary canal is produced by the gi*adnal dif- 
ferentiation and demarcation of the eternal part of the 
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hypoblast, which invests the whole yelk, from the tergal 
part, which bec^omea the yelk sac.* 

^ After the liver, genitalia, and antennary glands are 
developed, the yelk sae eventually becomes reduced to 
a small ciecal diverticulum, situated at the pyloric end 
of the stomach. The genital ducts in both males and 
females are originally diverticula from the corresponding 
regions of the genital ghinds ; theii* external ai>erture8 
and the copulatory appendages of the first abdominal 
somites in the male are not developed until some time 
after birth. 

The modifications of structure observable within the 
limits of th(‘ PodophiJudmia are exceedipgly interesting. 

Excluding, for the present, the SquiUidm, the group is 
divisible on clear morphological grounds into the following 
subdivisions: — 1. lihe! Brctchyura ; 2. lihid Anomura ; 3. The 
Macrura ; 4. The Schizopoda, 

The morphological relations of the Macrwra are nearly 
such as are indicated by their position in this series ; and 
Ast<Kyn8, as a central genus of the eeutrid gi’oup, thus becomes 
a sort of natural centre for tbe whole of the Podophthalmia, 
whence we may trace a gradual series of modifications, lead- 
ing on the one hand to the Schizopoda^ with their large 
alKiomen and small cephalo-thorax ; and on the other to the 
Bracinjura, with their rudimentary abdomen and compara- 
tively enormous cephalo-thorax. 

In all the ^facrura, the brancliiae are numerous, and are 
covei*od by the branchiostegites. The abdomen is large, 
and is used as a locomotive organ, the appendages of its 
sixtJi somite btung well developed. The thoracic ganglia 
usually form an elongated chain, and the external maxilli- 
pedes never form broad opercular plates over the other jaws. 

♦ According to Bobretsky (/.r.) encroaches upon the vitellus, until 
there i« no proper yelk-sac, the the latter is afi abscM-bed. The 
atrocture so termed by Kathko hypoblastic sac is converted into 
Iteinff the saccuUz' fiypoblast, the liver and the intestine. The 
which is formed by invagination stomach arises independently by 
of the priroitive blastodenu and invagination of the epiblaat. 
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In some of the lower Macrura {Peneus, Pasiphcea), the exo- 
podite persists as an appendage jit the base of the thoracic 
limbs ; and in two genera, Sergesteg and Acetea, the posterior^ 
thoracic members become rudimentary or even entirely 
abortive, though the abdominal appendages remain. 

In the higher Macntra, such as Palinunia, the nervous 
system exhibits a greater degree of concentration, the 
thoracic ganglia constituting an elongated oval mass ; and 
it is in this genus and its allies that the head and its appen- 
dages exhibit modifications, which prepare us for those 
which are presented by the Brachynra. In this respect the 
PalinuriiB vulgaris (Rock Lobster, Sea Crayfish, or Spiny 
Lobster) is particularly worthy of attention. The rostrum 
is rudimentary and represented by a mere spine, leaving 
the anterior cephalic somites uncovered. The cephalic 
flexui*e is so strong as to throw the ophthalmic sternum, 
which is very wdde, comj)lctely to the top of the head. 
The basal joints of the ant<'nna*, or coxocerites, are 
enormous, fixed to the .surrounding parts, and united by 
their anterior extremities in the middh* line below. Supe- 
riorly, they seemed b) have coalesee<l with the antennulary 
sternum, so tis to form a projecting wculge-shaped mass, 
which separates the antennnles from tlu* ophthalmic ster- 
num, and causes them b) appear, at first, as if they were 
inferior to the ant^nna^. In this genus, the l^asicerite, 
ischiocerite, and merocerite are much thicker and stronger 
than the corresponding joints of any of the other appen- 
dages ; and in the closely allied Scyllarus, the facial region 
of which is, on the whole, similarly constructed, these joints 
become extremely expandeii and flattened, and are succeeded 
by no procerite. In these genera the seaphocerite, or sqname, 
usually attached to the base of the antenna, is absent ; 
and, in Scyllarus, there is another approximation to Brachy- 
nran structure in the existence of distinct orbits, formed 
by a lobe of the carapace, which descends on the inner 
aide of the ocular peduncle, to meet the base of the 
antenna. No median septum is formed by the rostrum, 
however, nor are the antonnules capable of being folded 
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back into distinct chambers in any Macruran at present 
known. 

^ The Anomura are so completely intermediate in structure 
between the Macrura and th<* Brachyura, that they need 
not be specially noticed, except to draw attention to the 
sinj^ilar deviation from the ordinary habits and form of 
the hi^duT Crustaceans, presented by the Pagurid<r. or 
Hermit Cnibs, so common on all coasts. Essentially Ma- 
crunm in their organisation, these Crustacea are distin- 
guished from all true Macrura by the uncalcified and soft 
condition of the integument of their unsymmetrical abdo- 
men, the appendages of which are for the most part 
abortivt*, those of the sixth somite being modified so as to 
serve as claspers. It is by means of these that the Hermit 
Crab ndains firm hold of the columella of the empty 
gasteropod shell into which it is his habit to thrust his 
unprotected abdomen, and covering over his retracted body 
with the enlarged chela, which takes the place of an 
operculum, resists all attempts at forcible extraction. 

The internal structure of the Brachyura is, on the whole, 
similar to that of the Macrura ; but the thoracic ganglia 
have coale8(!cd to a much greater extent than in 
forming a single rounded mass. The branchiae are few, 
never exceeding nine on each side, and sometimes not 
more than seven. The branchiostegite fits closely down 
upon the bases of the four posterior pairs of thoracii* 
limbs, and sometimes encloses a space which is very large 
in proportion to the brauchiie. This is particularly the case 
in the Land Crabs {Oecarcinu»\, where the spacious branchial 
chambi‘r is lined by a thick and vascular membrane, which, 
in these almost wholly L'rrestrial Crustcu^ca, either takes on 
to some extent the respimtory function, or serves to keep 
the air within the branchial chamber saturated with mois- 
ture. 

The abdomen in the Brachyura is comparatively small ; 
its sixth somite possesses no appendages; and the others, 
if they exist at all, subsei-ve only a sexual purpose, the two 
anterior pairs commonly forming accessory copnlatory 
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organa in the male ; while, in the female, so many of theac 
appendages as remain give attachment to the ova, which are 
carried about until hatehed, between the thorax and the 
abdomen, which is bent up against it. The female Brachyura 
also possess a spermatheca attached to each oviduct, which 
is absent in the Macrura ; and, in this sex, the abdomen is 
larger and broader than in the males. In accordance with 
the rudimentary condition of this part of the body, the 
abdominal ganglia are represented only bj” a cord, which 
j)roceed8 from the posterior part of the great thoracic mass. 
It is in the construction of their skeleton, however, that 
the Brachyura present the m< >81 interesting deviations from 
the Macrura. Thus, if we 8el<‘ct the common Shore-crab, 
Cardnus nucncut (Fig. 70), as a typical example of a Brachy- 
iiran, we find that the carapace is a w’idc shield, broader 
than long, having a somewhat pentagonal shape, and bent 
sharply inwards at the sidt's, instead of taking an even sweep 
down to the base of the legs. It is in suc'h close contact 
with the four posterior pairs of thoracic limbs, as to 
leave no passage or aperture such as exists in AHtacus, the 
only inlet for the water recpiired for respinition being 
placed above the basal joints of the chelate anU‘rior ambu- 
latory limbs. The edges of the carapace pass ('ompletely 
in front of the Ijases of the limbs, and then turn suddenly 
forwards, parallel with one anothi^r and with the axis of 
the ]>ody, as the pterygontoviial 2 )l(ite 8 of Milne-Ed wards, 
to join the antennarj' sternum, which is very wide, but 
short from before backwards. The space included be- 
tween the edges of the pti^rygostomial plaUjs and the 
antennary sternum is the “ cadre buccal,” or peruttom^ ; the 
antennary sternum itself receives, as in the Antaeus, the 
specific appellation of epistomu ; and the plate which stretches 
backwards and supports the labruni, within its posterior 
forked boundary, is the endo«iom<i. 

The middle of the dorsal surface of the carapace is marked 
somewhat nearer its posterior than its anterior l>oundary by 
a short transverse depression, which is continued on each 
side forwards and outwards, and then curves directly out- 
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wards to the edge of the carapace (Fig. 76, c s). Further 
than this I cannot trace this homologue of the cervical 


Fig. 76. 



Fig 76.— Of the two u^per figures the left represents the dorsal surface 
of the carapace of Carcinus metnas. f. Uosinim. o. Orbit, e. Cer- 
vical groove, Kpigustric lobe, g-, Prologastric. Mesogas- 
tric. pc Hypogastric, p*. Crogastric. r c*. .\nterior and posterior 
cardiac, h. hepatic, /d, i**, 6^. Kpibranchial, mesobranchial, and 
metabranchial lobes. The lower figiue represents a ventral view ut 
the anterh)r lialf of the same carapace. a. ilostral septum, 
ft. Antennary sternum, r. Suture between these, d. Supraciliary 
lobe. t. Internal suborbitar lobe. f. Antenna, p. Articular cavity 
for the ophthalmic peduncle, ft. The same tor the antennule. o. Or- 
bit. *ft. t>ubhej)atic region, rp. Anterior pleural region. The right- 
hand upper figure gives a side view of the carapace of ^temy- 
rhyHchuf phahtitgivm, the common “spider-crab.’' o. Orbit. /S 
/’Rostrum, a/. Antennule. at. Antenna, ep. Epistema. 

groove of Astacus. Elevations and depressions upon the 
surface of the carapace in front of the cervical groove, 
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which, as in Aetaeus, is composed of the oonnata terga of 
the six cephalic somites, mark it out into certain definite 
regions of considerable systematic importance. An irregu- 
lar transverse depression, crossing the carapace near the 
anterior margin, bounds an anterior or facial region, 
divided into a middle frorUal lobe {/), and lateral orbital 
lobes (o), from a posterior, much larger, gastro-hepatic area, 
divided into small lateral hepaiic lobes (/^), and a large 
complex gastric lobe g\ etc.). The latter is again 
subdivided into two epigastric lobes (^’), two protogastric 
lobes (g^), a median mesogastric lobe (^), two meta gastric- 
lobes (g*), and two urogastric lobes [g’^), making altogether 
nine subordinate divisions. The gastric lobes correspond 
in a general way to the stomach ; the hepatic lobes, to a 
portion of the liver. The region behind the cervical sutun^ 
consists of the connate terga of the eight thoracic somites ; 
it is divided by two strong longitudinal grooves, the branchio- 
cardiac grooves, into a middle cegion, corresponding with 
the heart, and two lateral regions, forming the roof of 
the branchial chamber. A transverse depression divides 
the middle region into an anterior and a posterior cardiac 
lobe, while the Imi'nchial region is subdivided into epu 
branchial (6‘), niesobranchial (6^), and nictahranchial [b^) 
lobes. 

On turning to the inflected inferior portion of the (‘arapacc, 
a sutural line or groove is seen running from the e|>i stoma, 
outwards and backwards, very nearly rejiching the outer 
edge of the carapace, opposite its external angle, and then 
sweeping backwards parallel wdth, and but little distant 
from, its postero-laterai boundary, until it cuts its posterior 
edge. The portion of the carapace internal to this sutural 
line, is called by Milne-Ed wards the inferior hranchio- 
stegite, and is considered by him to be composed of an 
anterior {e p) and posterior epimeral piece, corresponding 
with the sub-liepatic {sh) and mb^hranchial regions of the 
surface of the carapace between the suture and the line of 
inflecjtion. I cannot regard these parts, however, aa having 
any relation with the true epimera. The suture, or rather 
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groove, seems rather to correspond with that which marks 
off the pleuron from the rest of the somite in Astctcus. 

, The anterior cephalic somites in Carcinvs have undergone 
some singular modifications, whereby their true relations 
are greatly obscured. The broad trilobed plate (Fig. 76,/) 
corresponds with the elongated rostrum of Aatacus; in- 
feriorly it is produced in the median line into a strong 
ridge or si'ptum, the lower and posterior edge of which 
is convex, and fits closely into the concavity formed 
by the antennulary and ophthalmic sterna, as they l)end 
biick from the sternal flexure. This rostral septum, 
therefore, abuts below and behind on the epistoma, and 
constitutes a sort of partition (Fig. 76, a), by which 
the cavities in which the antennules and eyes of the 
two sides are lodged, are completely separated from one 
another. The lateral portions of the rostrum form a 
flattened roof over the inner portions of these cavities, 
which contain the bases of the ophthalmic peduncles and 
the antennules ; but the outer angles of the rostrum are 
produced downwards {d), to foi*m the sv^aciliary lobe. 
The outer half of the lateral cavit ios or chambers is more 
excavated, and is bounded by a strong jiointcd process, the 
(•.HiTunl orbitar lobe, which is divisible into a 8itpra*(>r?n7u/ 
and aub-orbital portion. The latter passes gradually into 
a strong process of the sub-heiiatic region, called tlu' 
internal mb-orbitur lol>e (Fig. 76, c) ; this turns forwards 
and iipwards towards the supraciliary lobe, which it ap- 
proaches, but does not meet, the base of the antenna 
being, as it were, wedged between the two. 

The- supraciliary, external orbitar, and internal sub-or- 
bitar lobes, and the ontennai, thus together circumscribe a 
cavity widely open in fixmt, which is called the orbit, 
iBAsmuch as it lodges the terminal portion of the ophthal- 
mic peduncles, wdth the eyes which they 8up]X)rt. The 
pix>ximal poHions of the peduncles pass through the 
comparatively narrow opening by which the inner and 
outer chambers communicate, between the antenna and 
the supniciliary process, and are inserted as usual into the 
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articular cavities on each side of the ophthalmic sternum, 
which is narrow, and hardly wider than the septum. It 
thus comes to pass that the eyes, lodged in their orbits^ 
appear to be altogether external to the antennules, the 
enlarged bases of which hide the ophthalmic peduncles, and 
appear to be the sole contents of the inner division of the 
sub-frontal chamber; but the true position of the eyes 
is precisely the same as in Astacua, that is to say, anterior 
and superior to the antennules. Another interesting 
peculiarity about the facial region of the carapace is 
that the basal joints of the antenna) have coalesced with 
the sternum of the antennar}' somite, and, consequently, 
that the bjises of the anUmna^ are immoveable. There is 
no vestige of a scaphocerite, and the aperture of the 
organ which answers to the green gland of Adacus, 
is provided with a peculiar moveable plate, provided with 
a projecting internal stem, to which delicate muscles are 
attached in Carcimis. It is this structure which has been 
compared to an auditory ossicle; but, as in Afttuciui, the 
auditory sacs are, in fact, lodged in the dilated basal joint 
of the antennule. 

A cervical fold, lodging the scaphognathite, occupies thoi 
same relative position as in Adams, and marks off the 
cephalic from tlie thoracic region, on the sides of the 
body. The thoracic sterna gradually increase in breadth, 
and the posterior ones are marked <‘xternally by a strong 
median, longitudinal depr<*shion, answering to a corre- 
sponding fold on the inner surface. The apodemal cells are 
well formed, but the sternal canal, so largely developed in 
the Macrura, is absent in this, as in all other BrachifHra. 

The structure of the appendages is essentially the same 
as in AstAicus, but the third thoracic appendage, or external 
maxillipede, has its ischiopodite and meropodite greatly en- 
larged, so as to form a broad plate, which, with its fellow, 
covers over the other organs, and hence receives the name 
of the gnaihodegite. The three terminal joints of the limb 
remain small, and constitute a palpiform appendage — the 
endogriathal palp. 
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In some of the lower Macrura, the thoracic limbs a^e pro- 
vided with a short exopodite, and the posterior maxilUpedes 
^►ecome indistinguishable from the ordinary thoracic liml>e. 
Such forms lead us naturally to the Schizopoda, a group 
the name of which is derived from the apparent splitting of 
the limbs produced by the great development of the 
exopodite, which, in these Crustacea, is as large as the 
endopodite. In this group, again, a line can hardly l>e 
drawn, in many cases, between any of the maxillipedes 
and the thoracic limbs, the anterior pair only being 
somewhat smaller than tlie rest. Hence Thysanopoda is 
admitted, by Milne-Edwards, to have eight pairs of thoracic 
limbs (‘Crustaces,’ ii. 4t>4). The branchia3 in the Schizopoda 
are frequently absent; w'hen well developed, as in Thy- 
sanopoda, they are not included under the branchiostegite, 
but hang down freely from the bases of the thoracic limbs. 
In My sis, the only representative of a branchia (if it be 
one in reality) is a process attached to the first thoracic ap- 
pendage. Cynthia has its branchial appendages attached 
to the abdominal members. 

In Thysdnopoda, Mysis, and Cynthia, the general stnic- 
ture of the body is similar to that of the Macrura, except 
that, in Mysis, the greater number of the abdominal appen- 
dages are rudimentary. 

In Leucifer, the antennary somite is produced intc* a very 
long and narrow peduncle, Avliich supports the eyes, <>u 
their great stalks, the anteimules. and the antenna*, at its 
t‘xtremity. separating them from the rest of the cephalo- 
thonix. Avhich is covered by a delicate carsipace, l>ent down 
at the sides. The anterior thoracic members are rudi- 
mentary. and the posterior pair is absent. The heart 
is shoH and ri>uuded. and situated, as usual, in the thorax. 

It has been seen that in Asfacus Jluvmtilis, as in 
Limulm and Iktphuia. the embryo slowly and gradually 
passes into the form of the adult ; to wdiich it is so similar 
when it leaves the egg, that the changes of the yoimg 
present nothing eompanible to the well-knowTi metamor- 
phoses of Butterflies' and Beetles, 
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But most PodophtJtalmia rather resemble the Copepoda 
and the majority of the Entomosirctca, iu the fact that the 
young, when they leave the egg, have a totally dissimilar 
form to that of the parent, and only acquire th^ adult 
condition after a series of ecdysea. 

The observations of Fritz Miiller * have shown that the 
young of a species of Prawn {Peneus) undergo a metamor- 
phosis which runs parallel with that of the Copepoda. 

Fig. 77. 



Fig. 77. — Penens.—X, Xavpht/.% Ma^e B, Xofca or Copepod «tagc. 

C, Schizopo<J-tit&*^c. (After Miiller.) 

When it leaves the egg (Fig. 77, A), the young Pcnetwhas an 
oval, unsegmented body with a single frontal eye, a large 
labrum and three pairs of natab^rial appendages — it is 
in fact, to all intents and purposes, a Nauplius. The 
Naupliwi.lijrm next developes a rounded tergal shield, or 
carapace ; the first and second pairs of appendages remain- 
ing long, become the antennules and the antenna3 ; while 
those of the third pair, their bases enlarging at the expense 
* ‘Fiir Darwin/ 1864, 
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of the rest of the appendage, become the mandibles. Four 
pairs of appendages subsequently appear behind the man- 
dibles. The hinder three pairs are bifurcated and become 
the two pairs of maxilla) and the first and second maxilli- 
pedes. Behind these again are five pairs of short lamellar 
processes, which eventually are converted into the rest of the 
thoracic appendages. The six somites of the abdomen are 
long and distinct, and the last ends in two setose processes. 
They are at first without appendages. In this stage (Fig 
77, B), wliich answers to the so-called Zoa^a^iorm of other 
Podo 2 >hthahnia, the principal locomotive organs are the 
antenna) and antennules, and the resemblance to an adult 
Copepod is so striking that it may be term(‘d the Copepod 
stage. Next, the antenna), diminishing in relation 
the rest of the body, cease to be the principal organs of 
locomotion, and the rapidly elongating abdomen Jissumes 
that ftmctiori. The stalked double eyes which made their 
appearance in the Copepovl stage, become more fully deve- 
loped. The jointed exopodite of the antenna is replaced 
by a single plate. The greatly enlarged thoracic limbs are 
provided with an endopodite and an exopodite, as in the 
Schizopodn, the branchia* are developed from them, and 
the abdominal appendages make their appearance. This 
may be termed the Schizopod stiige (Fig. 77, C). Lastly, 
the median eye vanishes, the exopodite* of the locomotive 
thoracic limbs disappears, and the larva assumes all thi* 
chameters of the adult Pencils. 

In the great majority of the Podophihalmia the embryc» 
underg(X‘8 as remarkable a metamorphosis after it lea\e8 
the egg. This fact was first indicated by Siebold, after- 
wards demonstrated by Vauglnm Thom 2 :) 8 on, whose obser- 
vations have been confirmed and extended by many more 
recent olwervers. notably by Spence Bate * and Claus + 
But the stages of this metamorphosis differ from those 

• “On the Development of elrncenlarven.” (Wurzburg ' Na- 
DecApod Ouatacen.” (Philoso- turn issenschaftliche Zeitaclirift, 
phioal Tranaartiong, IS’ST ) 1861.) 

t “ Zur Kenntniss der MaUko- 
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observed in Pi neue in the apparent absence of the first or 
Nauplius condition. Possibly, however, this is represented 
by a delicate cuticular investment which the larva throwg 
off soon after leaving the egg. It then corresponds with the 
later form of the Copepod stage of Feneui^, and is termed a 
Zoosa. The Zooea has a short carapace, often provided in 
the median frontal and dorsal regions with long spine-like 
prolongations. There is a median simple eye between the 
lateral sessile faceted eyes, a pair of antennules, a pair 


FiK. 78. 



Fig, 78.— Developmeut of Carcinitu nurncu. A, Zyaa-stage. li, Mnja- 
/oprj-stage. C. Final state. (After Couch.) 

of antennro, a pair of mandibles, and two pairs of maxilla ; 
in short, all the appendages of the head. Of the appendages 
of the thorax, the first two pairs are well developed, and 
terminate in an exopodit<i and an endopodite. But behind 
these, which become the first and the second pair of rnaxil- 
lipedes, only short rudiments of the six remaining pairs 
of thoracic appendages are to be found, and the somites 
of the long abdomen have no appendages at all. Subse- 
quently these make their appearance, the posterior thurio io 
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members increase in size, the eyes become raised upon 
short peduncles, and the larva resembles one of the lower 
^acrv/ra. The carapace next l^ecomes broader, and its 
spines shorter, while the ambulatory thoracic limbs take 
on the chara(?ter8 of those of the adult, the bifurcated first 
and second pairs becoming metamorphosed into the first 
and second maxillipedes. The abdomen becomes relatively 
short and slender, and the larva takes on the chanu'tcrs 
of one of the Anomura. In this stage it has been named 
Megalopa. By further changes in the same direction, the 
Anomuran condition passes into that of the young Bni- 
chyuran. All these modifications of form are accompanied 
by exuviations of tlie chitinous cuticula. 

The successive stages are well exemplified by the young 
of the Shore-crab, CarvinvH viccnas (Fig. 78, A, B, C*. 
The larva, on leaving the egg, has sessile eyes, a long 
pointed rostrum, and a spine projecting from the middh' 
of the carapace ; rudimentary antenna\ and two pairs of 
locomotive appendages — the rudiments of the anterior 
maxillipedes. The abdominal somites are without appen- 
dages, and the telson is broa<l and bilobed (Fig. 78, A). 

This, the Zocra stage, iifter repeatt^d eedyses, assumes the 
Megalopa form represented in Fig. 78, B. Finally, the 
carapace becomes broader, the abdomen loses its appendages, 
and is bent up under the thorax; the peculiarities of the 
ftu'ial region, characteristic of the Brachijura, are developed . 
the antenmdes and ambulatory members acquire their cha- 
racteristic proportions ; and the little Brachyuran by degrees 
assumes the special peculiarities of Carcinns (Fig. 78, C). 

The development of the Opossum Shrimp [Mysu)* is par- 
ticularly interesting, as it appesirs to indicate the rela- 
tions between the two modes of development, that with and 
that without metamorphosis, which obtain in the Crustacea 
(Fig. 79). 

The ova consist of a vitelline mass, enclosed within a 
delicate chorion. The blastoderm appears as an oval patch 

• Conf. K. van Bencden, “ Beveloppement dea MyaiA” (‘Bulletin 
de rAcademie de Bruxelles,’ 1869.) 
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upon the surface of the yelk (Fig. 79, A, c), thickest in the 
middle, and here presenting a more or less marked de- 
pression (Fig. 79, A, B, c). It is sharply defined from the 
subjacent yelk (6), and consists of a finely granular mass, 
in which multitudes of nuclei, about to of an 
iuch in diameter, are imbedde<l. 

The blastoderm next becomes larger at one end than at 
the other, and a meditm siniiation gradually divides this 
extremity into two lobes, which will eventually form the 
anterior parietes of the head, and may be called the pro- 
cephalic lobes* 

The median depression becomes more decided, and, at the 
end opposite theproocphalic lobes, the blastoderm is produced 
into a sort of papilla, directed forwards. This is the rudi- 
ment of the caudal extremity. From the anterior part of the 
blastoderm there arise, on each 8id(% two papilJw, the points 
of which are directed backwards, and which will become the 
anteunules and antennm. The whole of these parts are 
invested by a delicate ciiticular membrane, which gradually 
extends over and invests the whole yelk beneath the vitelhiry 
membrane. At the end of the caudal papilla it forms a 
broad process, produced into seUe, which sometimes appear 
fan-like, sometimes so deeply bifid as to resemble two 
styles. 

The embryo has now rea<"hed what we may term its larval 
stage, and, in this condition, it leaves the vitellary membrane 
within which it was enclosed, and lies free in the ovigerous 
pouch of the parent. At the same time, the caudal extremity 
enlarges, and straightens itself out, so that no indi(*atiou 
of its previous inflexion agtiinst the thoracic portion of the 
blastoderm remains. The larva thus much resembles a pear 

• It 16 exceedingly interesting the vertebrate embryo; and the 
to remark the corresjiondence cephalic flexure of the Crusta- 
between the embryonic strurture cean or Insect has its analogue, 
of tlie head of (and I may if not its homologuc, in the angle 

addthalofother-4rfArc>pof/a), and which the trabecular region of 
that of the head of a vertebrate the base of the skull at first makes 

embryo. The proccphalic pro- with the parachordal region in 
cesses resemble in a remarkable almost all Vertebrata. 
manner the trabecula cranii of 
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(Fig. 79, D, E), with four processes (2, 3), the antennules and 
antennae, which have now become much elongated, on one 
^surface. 

The young Mysia next grows rapidly and undergoes great 
i changes in form ; hut it is a very remarkable fact, that the 
primitive integument remains unaltered; gradually en- 
larging, to accommodate itself to the increased size of the 
fcetus, indeed, but otherwise taking no share whatever in 
its changes. The young My sis might, therefore, in this 
condition be justly termed a pupa, for the relation of the 
primitive integument to the animal which it encloses is 
precisely that of the pupa skin to the imago of an insect. 


Fig. 79. 
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Fig. 70 continued. 



Fig. 79. —The development of M^sis.—A. Side view of an egg, in 
which the blastoderm has just appeared. B. Side view further ad- 
vanced. C. Front view of embryo at the same age, showing the 
procephalic lobes, here marked b. D. Larva, ventral view. E. 
Side view. (These two figures have been inverted by the en- 
graver.) F. Young pupa. G. Further advanced. H. Young 
Mt/sIs, which has left its pupa skin. I. Anterior portion of the same, 
enlarged, and with the carapace thrown back. a. Vitelline mem- 
brane. Z>. Yelk. c. Central depression of the blastoderm, li. Pro- 
cephalic lobes, f. Larval integument, ff. Its caudal enlargement. 
h. Carapace. 1, 2, 3, 4, etc. the somites and their appendages, 
numbered from before backwards. 

The anteniiTiles and antennae remain intact within the 
sheaths afforded by the primitive integument, but, becoming 
immensely elongated and divided at their extremities, 
assume more and more their proper adult conformation. 

In front of the antennules, a large rounded protuberance 
makes its appearance upon each procephalic lobe, and 
eventually becomes the ophthalmic peduncle. At first, the 
sternal portions of the somites, corresponding with these 
three pairs of appendages, occupy the same plane with one 

2 A 
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another and the posterior sterna (Fig. 79, F, G) ; but, by de* ^ 
grees, they become bent up (Fig. 79, H), and at length th 
ophthalmic sternum occupies the upper and front pa^ 
the head (Fig. 79, I). In this way the “cephalic flexure’ 
produced. The mouth is indicated behind the anteu 
nary sternum, which projects backwards in the middle 
line to form the labrum. On each side of it the rudiments 
of the mandibles appear, and behind these are the papiL 
lary commencements of the two pairs of maxillas. Behind 
the second pair of maxillsc, a distinct constriction in- 
dicates the commencement of the thorax, the appen- 
dages of which appear, at first, as tubercular elevations, 
all of precisely the same character, and all directed back- 
wards parallel with one another. The abdomen is at first 
very small, and the appendages of its sixth somite early 
acquire a far larger size than the others. The telson is 
developed from the middle line above the anus. While all 
these changes are going on, the blastoderm gradually 
extends over the tergal surface of the embryo and closes 
it in. When the carapace is first distinguishable it appears 
as a ridge arising from the sides of the posterior thoracic 
somites, beginning at the last but one, and gradually 
extending forwards as far as the antennary somites. The 
ridge increases and becomes a fold, which overhangs the 
bases of the thoracic appendages (Fig. 79, G) ; and if this 
fold be turned back (Fig. 79, I), its actual attachments 
may be readily demonstrated. 

Having advanced thus far in its development, the foetal 
Mysis, with all its organs fvilly formed, though somewhat 
different in appearance from those of the adult, casts its 
pupa-skin and straightens its body, which from having its 
posterior portion bent on the anterior, as in the embryo 
(Fig. 79, B) had gradually in the pupa (Fig. 79, F, G) 
assumed the opposite curvature. Its dimensions are three- 
fold those of the embryo, and it exhibits vivacious move- 
ments when extracted from the pouch of the parent. It is 
Iiot improbable it may yet undergo another change of in- 
tegument before acquiring the full form of the adult. 
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Thus it appears that in Mysis, the Nauplius-stsige 
79, D, E) is passed over so rapidly that the embryo has 
gone through it at a very early period, and nothing but th.(h 
cuticular sheath of the body appertaining to this stage 
remains to prove its existence. A step further, in the ab- 
breviation of the Nan/pUus-stsige, and there would be nothing 


Fig. 80. 



Fig. 80.-~ jP / a/ l/osoma. — A, ventral view of the body with the limbs 
1 — XX.' of the left side and the bases only of XF to XIIF repre- 
sented; B, side view of the body; C, the nervous system; D, the 
last cephalic, and first and second thoracic limbs. 


to distinguish the general course of the development of 
Mysis from that of Astacus. On the other hand, another 
Schizopod, Euphausia, has been shown by Metschnikoff * to 
leave the egg as a true Nauplius. 

* ‘ Zeitschrift fur Wiss. Zool.,* 1871. 


^ A 2 
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The Glass-crabs, or Phyllosomata (Fig. 80), are singular 
marine pelagic Crustacea, in which the body consists 
almost wholly of two large, extremely flat and transparent 
disks, devoid of any segmentation. The anterior of these 
bears the pedunculated eyes, the antennules and the antennae 
on its anterior margin ; while the labrum, with the mandibles 
and anterior pair of maxillae, form a small projection 
posteriorly on its ventral surface. The second pair of 
maxillae is situated a little more backwards and outwards, 
and bears a scaphognathite ; and just behind these appen- 
dages is the fold of a cervical groove which separates the 
anterior disk from the posterior. The anterior disk con- 
tains the stomach and the liver, and in this respect, as in 
its appendages, corresponds exactly with the cephalostegite 
of the carapace of an ordinary Crustacean, and its six 
cephalic sterna. The posterior disk, on the other hand, 
contains the short and almost round heart, with the 
intestine, and bears the eight pairs of thoracic appendages, 
the anterior and posterior of which are not uncommonly 
rudimentary. The abdomen is usually very small, and 
situated in a notch at the posterior edge of the thoracic 
disk. It is provided with six pairs of appendages. No 
generative organs have been found in the Phyllosomata, 
and there is reason to believe that they are merely larvaj 
of the Macruran genera Palinurus, Scyllarus, ThennSy and 
their allies. 

The Cum ACE A. — These are very remarkable forms, allied 
to the 8chizopoda and Nebalia, on the one hand, and on 
the other to the Edriophthalmia and Copepoda ; while they 
appear, in many respects, to represent persistent larvae of 
the higher Crustacea. 

Curria Rathkii might, at first, be readily mistaken for a 
Copepod. It possesses a comparatively small thick cara- 
pace, apparently produced into a rostrum anteriorly, and 
succeeded by a series of twelve gradually narrowing free 
segments, the appendages of which are in gi*eat part ob- 
solete. The last of these segments is a pointed telson; the 
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anterior five, belonging to the thorax, bear thoracic limbs, 
while the eleventh, the last true somite of the body, carries 
its characteristic styliform appendages. The appendages 
of the preceding abdominal somites may be either absent 
or very small and rudimentary. Dohrn has proved that 
this is true only of the females among the Cumacea. The 
males, which were formerly referred to the genera Bodotria 
and Alauna, often have well-developed abdominal limbs, 
though they appear late. It is interesting to find that the 
females, in this respect, retain more of the larval character 
than the males. 

On examining the apparent rostrum with care, it is 
found to be divided along the middle line by a fissure 
which runs in front of the eye (which is here single and 
sessile) divides into two branches, which run backwards 
and outwards, and terminate, before traversing half the 
length of the carapace; they thus cutoff a median lobe, 
bearing the eye at its apex, from two lateral processes. 
The lateral processes are simply prolongations of the 
antcro -lateral regions of the posterior division of the cara- 
pace (as it were the antero-lateral angles of the carapace of 
Mysis, excessively produced and meeting in the middle 
line) ; while the middle lobe corresponds, I believe, with the 
cephalostegite of the carapace in ordinary Podophthalmia, 
the insertions of the mandibular muscles occupying their 
normal position, towards its posterior boundary. The 
hinder part of the carapace will therefore correspond with 
the terga of the three anterior thoracic somites, the five 
posterior ones being, as has been seen, free and moveable. 

The five anterior pairs of thoracic appendages are con- 
structed much on the same plan as those of the Schizopoda ; 
the three posterior have no exopodite. In the female, the 
sixth abdominal somite alone has appendages, but in the 
male the two anterior abdominal somites are provided with 
styles. Ovigerous plates are attached to the fourth, fifth, 
and sixth thoracic appendages in the female. The structure 
of the head is peculiar. No ophthalmic sternum nor oph- 
thalmic peduncles are discernible, the single, or closely 
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approximated two, eyes being sessile on the median line on 
the superior surface of the head. The coxopodites and 
|)asipodites of the antennules and antennae are bent down 
almost at right angles with the axis of the body, and 
appear to be connate, or confluent, with their sterna. The 
succeeding joints are free and pass forwards, the anten- 
nules being much longer and stronger than the antenna3 
in the females, while, in the males, the antennae are very 
long; the labrum is large; the mandibles strong and 
unprovided with a palp. There is a distinct metastoma, 
and the maxillae are delicate and foliaceous. A papillose 
branchial plate is attached to the base of the first thoracic 
appendage. The surface of many parts of the body in 
some species exhibits a very peculiar sculpturing, singu- 
larly like that exhibited by the Eimjptcrida. 

As in the Podophthalmia, the heart is short or moderately 
elongated, and situated in the posterior part of the thorax. 

Dohm* has shown that the development of the Cuniacea 
takes place without metamorphosis. In most respects the 
embryo resemVdes that of Mysis ; but, instead of the cuti- 
cular investment of the transitory Aauj^Zias-stage with 
its two pairs of appendages, there is only a sort of cuti- 
cular sac with a thickening in the middle line of the tergal 
aspect, which the embryo bursts as it acquires a larger 
size. In this respect, the resemblance of the embryonic 
development of the Cumacea to that of the Edriophthahnia 
is, as Dohrn points out, very striking, and no doubt they 
form a connecting link between the Podophthalmia and the 
Edrioplithalmia. Having regard to their whole organisa- 
tion, on the other hand, they stand at the bottom of the 
Malacostracan group, and are comparable to a Peneiis- 
larva in the Copepod stage, the limbs and body of which 
are modified in the direction of the Schizopoda, while the 
fore part of the head has remained Oopepodous. 

Fossil Brachyura are abundant in tertiary deposits, but 
are rare in formations of earlier date. Macrura of a pecu- 

♦ “ Ueber den Ban und die Entwickelung der Cumaceen.” (‘ Unter- 
guchungen fiber Bau imd Entwickelung der Artbropoden,’ 1870.) 
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liar type {Eryon) occur in tlie mesozoic rocks, and perhaps 
the carboniferous Gampsonyx should be referred to the 
Podophthalmia. 

The Edeiophthalmia. — These resemble the PodopTitJial- 
mia in never possessing a greater than the typical number 
(20) of somites, though, in some members of the group, the 
body is composed of fewer somites, in consequence of the 
abortive or rudimentary condition of the abdomen. Eyes 
may be absent ; when present, they are usually simple, and 
are either sessile or seated upon immoveable peduncles 
[Munna). The antennules almost disappear in the teri’es- 
trial Isopoda, while the antenna* become rudimentary or^ 
vanish in some A mphipoda. The mandibles lose their palps ) 
in the Woodlice ; which thus, as in the presence of only one 
pair of well-developed antenna.ry organs, approach Insects. 
Ordinarily, the posterior seven, and, at fewest, the poste- 
rior four, thoracic somites are perfectly distinct from, 
and freely moveable upon, one another. The ophthalmic 
and antennary somites have coalesced with the rest of the 
head; the branchiae depend from the thoracic limbs, or 
are modifications of the abdominal appendages; and the 
heart is elongated and many-chambered. But the salient 
characters of the group will be best understood by the 
study of such a genus as Amphithoe, the principal details 
of the organisation of which are represented in Fig. 81. 

The body of this animal is compressed, bent upon itself, 
and divided into fifteen very distinct segments, reckoning 
the head as the first and the telson as the last. 

The head presents a rounded tergal surface ; the anterior 
face is disposed perpendicularly to the axis of the body, and 
is produced anteriorly into a strong, curved, and pointed 
rostrum ; on each side, it bears an aggregation of simple 
eyes, and, in front, immediately beneath the rostrum, this 
face gives attachment to two long, many-jointed anten- 
nules. Below these, two antennae, shorter, and f ewer-jointed 
than the antennules, are inserted, and the inferior part of 
the face is completed by a large moveable labrum. Behind 
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muoli as the eyes are sessile, these five pairs of appendages 
are all that belong to the head proper ; but, just as in the 
Podophthalmia, certain of the anterior thoracic appendages 
are converted into accessory gnathites, so, in Amphithoe, 
the first pair of these members are applied against the 
mouth, and form a large lower lip (VII'). 

The “ head ” of Amphithoe, therefore, is formed by the 
coalescence of the seven anterior somites of the body ; but 
I believe that the tergum of the seventh (or first thoracic) 
somite is obsolete, as in a Stomatopod, and hence that the 
tergal surface of the head of the Edriophthalmia corre- 
sponds exactly with the cephalostegite (or that part of the 
carapace which lies in front of the cervical groove) in 
Podophthalmia. Mr. Spence Bate has shown, in his valu- 
able ‘ Report on the Edriophthalmia,^ that, in the Crustacea 
at present under discussion, a strong apodeme arises on 
each side from the posterior part of the sternal region of 
the head, and passing inwards and forwards meets with its 
fellow, to form an endophragmal arch, which supports the 
a'sophagus and stomach, and protects the nervous com- 
missure between the first and second sub-cesophageal 
ganglia, which runs under it. 

The discoverer of this stnicture conceives that it repre- 
sents the terga of the thi’ee somites immediately succeeding 
the mouth ; but I cannot see that it is other than the re- 
presentative of the precisely similar mesophragm formed 
by tlie anterior apodemes in Astacus. In fact, the corre- 
spondence in structure between the head of an Amphithoe 
and the cephalic portion of the cephalo-thorax of Astacus 
is not a little striking. There is the same sternal fiexure, 
the same relative position of the stomach, and of the inser- 
tions of thQ mandibular muscles. The great difierence 
lies in the abortive condition of the ophthalmic appen- 
dages.* 


* A strong endophragmal arch 
separatesthe sub-oesophageal gan- 
glia and commissures from the 
gullet in Squilla, but has differ- 


ent connexions (Fig. 83). A very 
similar endophragmal arch is found 
in the Insect head. See the descrip- 
tion of the head of Blatta (iw/ra). 
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The seven free somites of the thorax each give 
attachment to a pair of limbs. It is characteristic of 
Ampliithoe, as of the Amphipoda in general, to have the 
Jive anterior pairs of thoracic members directed for- 
wards. Each limb consists of an expanded coxopodite, 
succeeded by the other six joints of the typical crustacean 
limb. 

In the male, a single vesicular lamella, the branchia, is 
attached to the inner side of the coxopodite of the appen- 
dages of the ninth to the fourteenth somites inclusively ; 
but, in the female, an additional plate, convex externally 
and concave internally, is attached above and internal to, 
the branchia of the 9tb to the I2th somite. These ooste- 
gites, as they may be called, (mclose a cavity in which the 
incubation of the eggs takes place. 

The abdomen consists of six somites and a very small 
terminal telson. The appendages of the three anterior 
somites are terminated by two multiai’ticulate setose fila- 
ments (Fig. 81, XV'j while in the three posterior, the corre- 
sponding parts are styliform, and serve as a fulcrum for the 
abdomen when the animal leaps, by the sudden extension 
of that region of the body. 

The Edriophthalviia are ordinarily divided into three 
groups. The Amphipoda, which resemble Ampliithoe, are 
characterised by their compressed form and their ordinarily 
saltatory habits ; by having thoracic branchia 3 ; by the for- 
ward direction of their four anterior locomotive limbs (2nd 
to 5th pairs of thoracic appendages), and by the contrast 
between the three anterior and the three posterior pairs of 
abdominal appendages. The common Sand-hopper is the 
most familial’ example of this division. The second group 
is that of the Loemodipoda, distinguished by the rudimen- 
tary state of the abdomen, which is reduced to a mere 
papilla, and by the coalescence of the second, as well as the 
first, thoracic somite with the head, so that the anterior 
limbs appear to be as it were suspended under the neck. 
The strangely formed genera Cyamus, the parasite of 
whales, and Caprella, which is very common upon our own 
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coast, adhering to corallines, sea- weeds and starfish, belong 
to this group. 

The Isopoda, which constitute the third group of the 
Edriophtlmlmia, are usually depressed instead of com- 
pressed, and run or crawl instead of leaping. Many, like 


Fig. 82 . 



Fig. ^2.— Cymothoa.—HhQ letters and figures have the same significa- 
tion as in Fig. 81, except Ah^ Abdominal appendages in Fig. A. 

the common Woodlouse {Oniscus)^ possess the power of 
rolling themselves into a ball when alarmed ; some, like 
the last-named genus, are terrestrial; others, like the 
Asellus, inhabit fresh waters, but the great majority are 
marine; and among them are many peculiarly modified 
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parasitic forms (Fig. 82, Cymothoa ; Bopijrus). The com- 
position of the head and mouth in the Isopoda is essentially 
the same as in the Amphipoda, though differing consider- 
ably in details. The branchiae of the thoracic members 
are absent, their functions being performed by the endo- 
podites of some of the abdominal members, which are soft 
and vascular. The three anterior pairs of thoracic members 
are usually directed forwards — the four posterior pairs back- 
wards. In some Isopoda the abdominal somites, partly or 
wholly, coalesce with one another. 

In all the Edriophthalmia the alimentary canal is straight 
and simple, and its anterior gastric dilatation, frequently 
strongly armed, is situated in the head. The liver is repre- 
sented by a variable number of straight caeca. 

Occasionally there are one or two caeca which open into 
the posterior part of the intestine, and appear to be urinary 
organs analogous to the Malpighian c^eca of insects. 

The respiratory organs vary greatly in structure. In most 
Edriophthalmia, they are simple plates or sacs, the delicacy 
of the integument of which permits of the free exposure 
of the blood circulating in them to the aii\ In the amphi- 
pod genus Phroslna, however, the branchiae are composed 
of rudimentary lamellae, attached to an expanded stem, and 
resemble not a little the epipoditic branchiae of Astacus. 
In some Sphwromidcp, Duvernoy and Lereboullet found the 
branchial endopodites transversely folded, so as to approach 
those of the Xiphosura. 

The exopodites of the abdominal members of the Isopoda 
frequently cover the modified endopodites, forming opercula, 
and the first pair of abdominal limbs is, in many genera, 
altered in such a manner as to form one such large oper- 
culum for the four pairs which succeed it. In the Idoteidce 
it is, on the other hand, the sixth pair of abdominal limbs 
which are so modified as to form the curious door-like oper- 
cula which cover the gills. 

I In certain of the terrestrial Isopoda, {Porcellio, Arma- 
I dUlidivm^) some of the opercular plates of the branchiae, 

I usually the two anterior pairs, contain curiously ramified 
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cavities, which open externally, and contain air. The genus 
Tylos possesses respiratory organs, which present a still 
more interesting approximation to those of the purely air^ 
breathing Articulata. They are thus described by Milne- 
Edwards : — 

“The abdomen presents inferior ly a deep cavity, very 
similar to that of the SphceromcBy in which the five anterior 
pairs of appendages are lodged ; but this cavity, instead of 
being completely open below, is imperfectly closed, in its 
posterior half, by two series of lamellar prolongations, which 
arise from the sides of the inferior faces of the third, fourth, 
and fifth abdominal segments, and pass horizontally in- 
wards ; the first pair of these plates is small, those of the 
third pair are, on the other hand, very wide, and almost 
meet in the median line. The four anterior pairs of abdo- 
minal appendages, lodged in this cavity, each caiTy a wide 
and short quadrilateral appendage, the surface of which 
is raised into a transverse series of large longitudinal eleva- 
tions, and each of these elevations presents interiorly a linear 
aperture leading to a respiratory vesicle, the parietes of 
which are covered with a multitude of little arborescent 
cicca. These vesicles when extracted from the interior of 
the limb closely resemble a brush-like branchia, having its 
longitudinal canal in communication with the atmosphere 
by a longitudinal stigma. The fifth pair of abdominal 
members are rudimentary, while the sixth constitute the 
door-like triangular valves covering the anus, and all the 
inferior face of the last abdominal segment.”* 

The nervous system in the Awphipoda consists of supra- 
oesophageal or cerebral ganglia, united by commissures with 
an infra-oesophageal mass, whence commissural cords pass 
under the endophragm to the anterior of the thoracic 
ganglia, of which there are commonly seven pairs, succeeded 
by five or six pairs of abdominal ganglia. In some Isopoda 
{Cymothoa, Idotea) the abdominal ganglia are also distinct; 
but in others, such as JEga hicarinata (according to Rathke), 
they are fused into a single mass placed in the anterior 
♦ ‘Histoire Naturelle des Crustaces,* vol. iii. p. 187. 
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part of the abdomen, presenting only traces of a division 
into five portions. In the Cymothoadce and terrestrial 
Jsopoda, again, the abdominal ganglia appear to have com- 
pletely coalesced with the last thoracic ganglia and form 
a mass, whence the abdominal neiwes radiate. Finally, in 
the short-bodied Loemodipoda, such as Cyamus, there are 
not more than eight pairs of post-oesophageal ganglia, 
the posterior commissures of which are so shortened 
that the nervous system ends in the antepenultimate 
somite. 

Brandt describes splanchnic ganglia like the lateral pair 
of Insects in the Oniscidoe, It is one of the many respects 
in which the Isopoda simulate Insecta. 

No other organs of sense than eyes have, as yet, been cer- 
tainly demonstrated to exist in the Edriophthahnia, though 
the fine seta) which beset the antennary appendages, have 
been supposed to be organs of the olfactory sense. The 
eyes vary in their structure, from the simple, more or 
less closely aggregated ocelli of Lceinodipoday and of many 
Isopoda and Amphipoday to the strictly compound eyes, as 
complex as those of the highest Articulata, which exist in 
jEga and in Pliromia. 

The female genitalia of the EdriophtJtalmia consist of two 
simple sacs, the ducts of which usually open on the ventral 
surface of the antepenultimate thoracic somite, or on the 
bases of the limbs of this somite. In the male, one or more 
caeca on each side constitute the testis, which ordinarily 
opens on the last thoracic or first abdominal somite, in 
connexion with one or two pairs of copulatory organs de- 
veloped from the anterior abdominal somites. 

The eggs of the ordinary Edriophthalmia usually undergo 
their development in the chamber beneath the thorax en- 
closed by the oostegites of the thoracic appendages. In 
most cases, the young differ so little from the adults that no 
metamorphosis can be said to take place. They frequently, 
however, want the last thoracic somite. The young of the 
parasitic Edriophthalmia, such as Bopyrua, Phryxus, Cymo- 
thoa, Cyamua and the Hyperince, on the other hand, are 
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different from tlie adults ; and not only in their 
amorphosis, but in the small proportional size and less 

errant form of the male, Bojyyrus and Phryxus recall the-) 
parasitic Copepoda. 

In certain Ampliipods {Gammarus locusta and Desmo- 
philus) the vitellus undergoes complete division ; while, in 
closely allied forms {Gammarus Jtuviatilis and pulex), and 
still more completely in those Isopoda which have been 
studied, the part of the vitellus which divides into blasto- 
meres, becomes more or less completely separated from 
the rest immediately after fecundation, and the so-called 
partial yelk division, take place.* 

In all Edriophthalmia, the development of which has been 
examined, before any other organs appear, a cuticular invest- 
ment or sac is formed, whhih is eventually burst and thrown 
off. This appears to represent the Nauplius cuticle of 
My sis, and, in close relation with it, are peculiar tergal 
structures, such as the bifid lamellie of Asellas and the 
unfortunately named “ micropyle apparatus of other Edri- 
ophthalmia. 

The Edriophthal'mia are not abundant in the fossil state ; 
but they may be traced back as far as the later Palaeozoic 
strata {Prosoponiscus, Amphipeltls). 

The Stomatopoda. — Of the Stomatopoda of Milne- 
Edwards, two of the three divisions, the Caridoides and the 
Bicuirasses have since found a place among the Schizo- 
podous Podophthahma, or among the larvae of certain 
Macrura; but the third, the Stomatopodes unicuirasses, 
comprising Squilla, Gonodactyhis, and Caroms, appear to 
nie to differ so widely and in such impoitant stnictural 
peculiarities, not only from the Podophtlialmia proper, but 
from all other Crustacea, as to require arrangement in a 
separate group, for which the title of Stomatopoda may well 
be retained. 

* E. van Bencden,* Reclierches sur la Composition et la Signification 
de rCEuf/ 1870 . 
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Tlie genera named, in fact, stand alone an^ 
Crustacea* in that the ophthalmic and antennnl 
«are complete rings, moveable upon one another anis 


Fig. 83. 




Fig. 83. — Squilla scahricauda, — A, the entire body, with the thorax 
and abdomen in longitudinal and vertical section ; B, the head in 
vertical section. I-XX, somites of which the body is composed. 
I -XX', their appendages, the bases of most of which are alone re- 
presented. AL, alimentary canal ; G, stomach; .^n, anus; C, heart; 
or, branchia. N, ganglia and their commissures. R, rostrum of the 
carapace; />, the penis. Pn, endophragmal arch. The fifth tho- 
racic appendage xV is figured separately. 

; antennary somite, and that their long axis is parallel with 

* Unless the freedom of the when the Copepoda were under 
anterior se^ent of the head in consideration, is a parallel case, 
the PoTUellidcB referred to above, 
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til at of the body, so that there is no sternal flcxnre. Numerous 
pairs of hepatic caeca open into the elongated alimentary 
canal. The heart again is not short and broad, with at^ 
most three pairs of apertures and confined to the thoracic 
region, as in the proper Podophthalmia ; but it is greatly 
elongated, multilocular, and extends into the abdomen. The 
branchiae are plumes attached to the abdominal members 
(Fig. 83, A, hr), and, so far as I have been able to ascertain, 
the carapace is, in all, connected exclusively with the 
cephalic somites. This is particularly well seen to be the 
case in Squilla scahncauda (Fig. 83), where five completely 
developed posterior thoracic terga can be counted, un- 
covered by the short carapace, beneath which the terga 
of the three anterior thoracic somites are represented by 
a membrane which passes forwards to be reflected into the 
carapace. 

The free somites of the thorax, and those of the abdomen, 
in this species and in the StomMopoda generally, are so 
large relatively to the carapace, that the latter is not larger 
in proportion to the body than the tergal covering of the 
head in many Edriophthalmia, with which order the Stoma- 
topoda present many marked affinities. Indeed, if we leave 
the eyes out of consideration, the organisation of the Sto- 
matopoda is more Edriophthalmian (and especially Amphi- 
podan) than Podophthalmian. The five anterior pairs of 
thoracic members are turned forwards, and are subchelate. 
The first pair are small and slender. The second pair are 
the largest of all, and have the characters of powerful 
prehensile limbs, the terminal curved and spinose joint of 
which shuts down into a groove in the penultimate joint, 
as the blade of a pocket knife does into its handle. The 
three posterior thoracic limbs, on the other hand, are turned 
outwards, and terminated by an endopodite and an exopo- 
dite. 

Squilla lays its eggs in burrows in the bottom of the sea, 
which the animals inhabit. The eailiest condition of the 
free larva is not fully known, but the young larvae have 
a single eye, and the hinder thoracic and the abdominal 
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appendages are not developed.* The larvae pass into fonns 
which Tinder the names of Alima, Mrichthya, and Squiller- 
J^hthys, were formerly considered to be independent genera. 
Claus’s investigations, however, have rendered it probable 
that the two latter genera are simply larval stages of 
Gonodactylus, and that Alima is a larval stage of Squilla. 

♦ Fritz Muller, ‘ Fiir Darwin.’ See also Claus, ‘^Die Melamerpliose 
der Squilliden,’ 1872. 
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CHAPTEE TII. 

THE AIR-BREATHING ARTHROPQDA. 

Among tliese Arthropoda, no forms absolutely devoid of 
limbs are at present known, tbougb tbe appendages are 
reduced to two pairs of minute books in tbe vermiform 
parasite Linguatula. 

Tbe Arachnida bave pediform gnatbites, and tbe least 
modified forms of tbis group (tbe Arthrogastra or Scorpions 
and Pseudo- scorpions) exbibit, in many respects, extra- 
ordinarily close resemblances to tbe Merostomata among 
tbe Crustacea, 

Tbe Arthrogastra. — Tbe anterior part of tbe body of 
a Scorpion (Fig. 84) presents a broad sbield-like tergal plate, 
resembling tbat of Eurypterus in form. Two large eyes are 
situated one on each side of tbe middle line of tbe shield, 
while smaller eyes, which vary in number according to tbe 
species, are ranged along its antero-lateral margins. 

Six wide plates, representing tbe terga of as many somites, 
follow tbe anterior shield, and are connected only by tbe 
soft integument of tbe sides of tbe body with their sterna. 
Tbe seventh is united with its sternum (xv) posteriorly, 
while tbe five following terga and sterna form continuous 
rings, which constitute tbe joints of tbe so-called “tail.'* 
Tbe anus is situated behind tbe last sternum. A 
moveable terminal piece, answering to tbe telson of a 
Omstacean, which is swollen at its base, and then rapidly 
narrows to a curved and pointed free end, overhangs tbe 
anus, and constitutes tbe characteristic weapon of offence 

2 B 2 
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of the Scorpion. This sting, in fact, contains two glands 
which secrete a poisonous fluid, and their ducts convey it 
to the minute aperture situated at the sharp point of the 
organ. On the sternal surface of the body, there are four 


Fig. 84. 



Fig* 84 . — Scorpio afer. — A, tergal and B, sternal view of the body ; 
chelicerae^ iv', pedipalpi ; v', vi', posterior pair of cephalic appen- 
dages ; vii', viir , anterior thoracic limbs ; P/, pectines ; Stj stigma ; 
Cthf cephalo-thorax. (After Milne-Edwards and Duges.*) 


wide and long sternal plates (xi-xiv), which correspond with 
the third, fourth, fifth and sixth of the free terga. Each of 
these bears a pair of oblique slits, which are the openings 


• ‘Regne Animal,* Illustrated Edition. 
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of the respiratory organs (Fig. 85, e). The sterna of the 


Fig. 85. 





Fig. 85. —A diagram of the body of a Scorpion, the majority of the 
appendages being removed : a, the mouth ; 6, the alimentary canal ; 
c, the anus ; d, the heart ; <?, a pulmonary sac ; /, the position of the 
ventral ganglionated cord ; the cerebral ganglia ; T, the telson. 
yil-XX, the seventh to the twentieth somite. IV, V, VI, the basal 
joints of the pedipalpi, and two following pairs of limbs. 

first and second free somites (ix, x) are very small ,* that of 
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the first carries the valves which cover the genital aperture ; 
that of the second bears a pair of very curious appendages, 
Somewhat like combs, which are termed the pectines. The 
nervous trunks which enter the pectines, are distributed to 
the numerous papillae which cover them, and are probably 
tactile in function. Thus there are twelve somites behind 
the eye-bearing shield, and none of these are provided with 
appendages, unless the pectines be such. 

The truncated anterior extremity of the body, beneatli 
the shield, is formed by a very large setose labrum, behind 
and below which, in the middle line, is the extraordinarily 
minute aperture of the mouth (Fig. 86, M). On each side 
of it is attached a three-jointed, pincer-ended, appendage, 
the chelicera. Behind these follow the pedipalpi, large che- 
late limbs, the stout basal joints (iv') of which lie on each 
side of the mouth. 

The following four pairs of appendages are seven-jointed 
ambulatory limbs, each terminated by three claws. The 
basal joints of the first two (v', vi') lie behind the mouth, the 
posterior and inferior boundary of which they form, and 
are directed forwards. The basal joints of the last two 
(vii', viii'), on the other hand, directed inwards, are firmly 
united together, and are altogether excluded from the mouth. 

Thus the mouth is situated between the labrum in front, 
the bases of the pedipalpi and those of the first two paii’S 
of ambulatory limbs, at the sides and behind; just as in 
lAmulus, the mouth lies between the labrum and the basal 
joints of the third, fourth, and fifth limbs, which answer to 
the mandibles and first and second maxilla 3 of the higher 
Crustacea. If this comparison is just, there is one pair of 
praB-oral appendages, which exist in Limulusy wanting in 
the Scorpion ; and the difference between the two may be 
represented thus ; 

Limulus. Antennule. Antenna. Mandible. Maxilla 1. Maxilla 2. 

Scorpio. Chelicera. Pedipalpus. Leg 1 . Leg 2. 


Again, if the eye-bearing part of the head may be re- 
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garded as a somite, then the body of the Scorpion, like 
that of a malacostracous crustacean, will consist of twenty 
somites and a telson. We may regard the six posterioij, 
somites (xv-xx) as the homologues of those which con- 
stitute the abdomen in the crustacean; while the eight 
middle somites (vii-xiv) will answer to those which enter into 
the thorax of the latter ; and the head will resemble that of an 
Edriophthalmian with one pair of antennary organs com- 
pletely suppressed- Upon this view, the eye-bearing shield 
is a campace covering a cephalo-thorax, into which the two 


Fig. 86. 



86. — Vertical section of the cephalo-thorax: At, cheli- 
cera; lb, labrum ; M, mouth ; a, pharyngeal sac ; N, N supra- and 
infra-oesophageal ganglia ; b, oesophagus ; d, opening of the salivary 
ducts ; e, intestine ; H, heart. 

anterior thoracic somites only enter. These are followed 
by six free thoracic somites, the four posterior of which 
are pulmoniferous. But no trace of the supposed missing 
antennary appendage has been met with in the embryonic 
condition, so that the alternative possibility that the mouth 
is situated one somite further forward in the Scorpion 
than in the Crustacean must be borne in mind. It is a very 
interesting fact that Metschnikoff * has found rudiments of 

* “ Embryologie des Scoipions.” (‘ Zeitschrift fur W'iss. Zoologie,’ 
1871 .) 
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limbs on those somites of the embryo Scorpion on which 
the stigmata are situated, a circumstance which suggests 
4^^he suspicion that the Scorpion is derived from some form 
possessing more numerous limbs. 

The minute oral aperture leads into a small pyriform 
laterally-compressed sac (Fig. 86, a) with chitinous elastic 
walls. Muscles pass from these to apodemes of the sternal 
wall of the head, and doubtless act as divaricators of the 
wall of the sac. As the Scorpion sucks out the juices of its 
prey, it is probable that the elastic sac acts as a kind of 
buccal pump — the nutritious fluid rushing in when the 
sides of the pump are separated, and being squeezed into 
the oesophagus when the elasticity of the walls brings them 
back to their first position.'^ 

The CBSophagus (Fig. 86, h) is an exceedingly narrow tube, 
which springs from the tergal and posterior aspect of the 
sac just mentioned, traverses the nervous ring, and then, 
passing obliquely upwards and backwards, enlarges into a 
dilatation which receives the secretion of two large salivary 
glands, by a wide duct on each side. The alimentary 
canal narrows again, and becoming a delicate cylindrical 
tube which widens posteriorly, passes straight through the 
body to the anus. The numerous ducts of the liver open 
into the anterior part of this region of the alimentary 
canal, and it receives two delicate Malpighian tubuli. 

The liver is a vast follicular gland, which occupies all tlic 
intervals left between the other organs in the enlarged part 
of the body, and even extends for some distance info the 
narrow posterior somites. 

The eight-chambered heart (Fig. 86, H) is a larger and more 
conspicuous structure than the alimentary canal, above 
which it lies, in a pericardial sinus situated in the middle 
line of the tergal aspect, between the eye-bearing shield and 
the tail ; each chamber is wider behind and narrower in front, 
and has two valvular apertures, by which blood is admitted 
from the pericardial sinus at its postero-lateral angles. It 

• Huxley, “On the Mouth of the Scorpion.” (‘Quart. Journ. of 
Microscopical Science/ 1860.) 
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gives off small lateral arteries, and ends in front and behind 
in a wide aortic trunk. Of these the anterior is larger than 
the (Esophagus, and both aortae give off branches which aro 
distributed widely through the body. A large trunk lies 
on the tergal aspect of the ganglionic chain, and is united 
with the anterior dorsal aorta, by a lateral aortic arch, on 
each side of the body. The veins, on the other hand, are 
irregular passages, the blood of which is carried to two 
afferent pulmonary sinuses, one for each set of respiratory 
organs. 

These respiratory organs are four pairs of flattened sacs, 
which open externally by as many stigmata, on the sterna 
of the four posterior free thoracic somites (Fig. 85, xi-xiv) 

Fig. 87. 



Fig. 87. — A, pulmonary sac ; B, respiratory leaflets of Scorpio occi~ 
lanus. (After Blanchard.) 

in front of the tail. Each lies with one flat side stenial 
and iAe other tergal, in front of its stigma, and its walls 
are so Hided as to divide its cavity into a multitude of sub- 
divisions, each of which opens into the common chamber 
which communicates with the exterior by the stigma (Fig. 87). 
The organ, in fact, somewhat resembles a porte^nionnaie 
with many pockets. The blood circulates in the folds and, 
after being thus exposed to the influence of the air, is 
carried by efferent pulmonary sinuses to the pericardial sinus. 
Expiration is effected by muscles which pass vertically be- 
tween the sterna and terga of the free somites. 

The bilobed cerebral ganglion supplies nerves to the eyes 
and chelicerse, and is connected by thick commissures with 
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the post-oesophageal ganglion, a large oval mass, whence 
branches are given to the maxiUae and following somites. 

long cord formed by two closely-applied commissures 
passes to the three ganglia placed in the twelfth to the 
fourteenth somites. There are four ganglia in the ab- 
domen, two distinct cords passing from the last to its 
extremity. The visceral nervous system is represented by 
an oesophageal ganglion receiving roots from the cerebral 
ganglion, and giving branches to the alimentary canal.* 
Two lateral ovarian tubes, connected by transverse ana- 
stomoses with a median tube, end in two oviducts, which 
open by a fusiform vagina on the first free sternum (ix). 
The tubular testes end in a pair of deferent ducts, on 
which, before their union at the common orifice, two long 
and two short caeca are found, the former playing the 
part of vesiculae seminales. Both male and female organs 
lie imbedded in the hepatic mass in the posterior thoracic 
region, their ducts passing forwards. Partial yelk-division 
takes place, and the ova undergo development within the 
ovarian canals, in a manner which is very similar to that of 
Asiacus. Thus there is no metamorphosis, and the young 
differ but little from the adult in any respect but size. 

The Pseudo -scorpions {Cheli/erf Obisium) resemble the 
Scorpions in form and in the nature of their appendages, 
but they have no aculeate telson nor poison gland. They 
possess silk-glands which open close to the genital aperture, 
and their two pairs of stigmata are connected, not with 
pulmonary sacs, but with tracheal tubes. According to 
Metechnikoff, the eggs undergo complete yelk-division, and 
the young leave the egg provided only with that pair of 
appendages which become the pedipalpi. 

In the number of the appendages, and in the segmentation 
of the abdomen, Oaleodes (or Solpuga) agrees with the 
Scorpions and Pseudo- scorpions. But the three somites 
which bear the three hinder pairs of ambulatory limbs 

* Newport, “On the struc- and Macrurous Arachnida.” 
ture Ac., of the nervous and cir- (‘ Philosophical Transactions, 
eulatory systems in Myriapoda 1843 .) 
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(VI, VII, VIII in tlie Scorpion) retain their distinctness, and \ 
there is no cephalo-thorax, in the proper sense of the word. !j 
In form and function the pedipalps resemble the first pair | 
of ambulatory limbs, while the chelicerse are subchelate. « 
The organs of respiration are tracheal. 

The Phalangidoe {Phalanghmi, Gonyleptus) have chelate 
chelicerse, but the pedipalps are filiform or limb-like, and 
the articulated abdomen is relatively short and broad. 
They have no silk -glands, and their respiratory organs are 
tracheal. 

Fig. 88. 



Fig. 88 . — Mygale cceTnentarui— A female of the natural size: At, cheli- 
cerse ; rv', pedipalpi ; v', vi', maxillary feet ; vif, viii', thoracic feet ; 
Cth, cephalo-thorax ; B, the last joint of the pedipalpus of the male 
much magnified; C, terminal joint of the chelicera with the 
poison gland ; D, the left pulmonary sac viewed from its dorsal 
aspect ; Stg, stigma ; Fm, pulmonary lamellae ; E, the two arachni- 
dial mammillae of the left side, the smaller Sp\ is situated on the 
base of the large one Sp2. (After Duges, ‘ Regne Animal.’) 

While the last-mentioned forms lead from the Arthro- 
gustra to the Acarina^ the pulmonate PhrynidcBf or Scorpion- 
spiders {Thelyphonus, Phrynus), are in many respects inter- 
mediate between the Arthrogastra and the Araneina. 

The Araneina. — The Spidei-s stand in somewhat the 
same relation to the Scorpions, as the brachyurons to the 
macrurous Crustacea, That part of the body which lies 
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behind the cephalo-thorax and answets to the free somites 
of the body of Scorpio is swollen, and presents no distinct 
division into somites. 

The chelicerse are subchelate, that is to say, the distal 
joint is folded down upon the next, like the blade of a 
pocket knife upon the handle. The duct of a poison gland, 
lodged in the cephalo-thorax, opens at the summit of the 
terminal joint. The pedipalpi are filiform, and, in the 
males, their extremities are converted into singular spring 
boxes, in which the spermatophores are received from the 
genital apertures and conveyed to the female (Fig. 88, B). 

The pulmonary sacs, two or four in number, are similar 
to those organs in Scorpio, and are placed in the anterior 
part of the abdomen ; a tracheal system is also present, a 
pair of sternal stigmata, situated either behind the pulmonary 
saos, or at the end of the abdomen, leading into two more 
or less branched tubes. There is a complex pharyngeal 
apparatus, probably having the same function as in Scorpio* 
The stomach gives off caccal prolongations which may 
extend far into the limbs. There is usually a dilated short 
rectum, into which the branched Malpighian ducts open. 
JThe nervous system, more concentrated than that of the 
I Artlirogastra, is reduced to a supra-cesophageal ganglion and 
I a single post- oesophageal mass, with four indentations on 
either side. There are six or eight simple eyes in the 
anterior part of the carapace. Auditory organs have not 
been discovered in these or any other Arachnida. 

One of the most characteristic organs of the Araneina is 
the arachnidium, or apparatus by which the fine silky threads 
, which constitute the web, are produced. H. Meckel,t who has 
I fully described this apparatus as it occurs in Epeira diadema, 
states that, in the adult, more than a thousand glands, 
'with separate excretory ducts, secrete the viscid material, 

♦ Lyonet’s “ Anatoraie de difFe- palps of the male spiders, 
rentes especes d’liisectes” (‘Mem. f “MikrographieeinigerDru- 

du Museum d’Histoire Naturelle,* sen - apparate der niederen 
1829) contains an elaborate ac- Thiere.” fuller’s Archiv, 1846.) 
count of this apparatus, as well See also Buchholz and Londois. 
as of the structure of the pedi- (Ibid., 1868.) 
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whicli when exposed to the air, hardens into silk. These 
glands are divisible into five different kinds (aciniform, 
ampullate, aggregate, tubuliform, and tuberous), and their 
ducts ultimately enter the six prominent arachnidial mam- 
which, in this species, project from the hinder end of 
the abdomen. The superior and inferior mammillge are 
three-jointed, the middle one is two-jointed. Their terminal 

Fig. 89, A. Fig. 89, B. 



Fig. 89, K,~Mygale Slondii (after Blanchard).— The stomach with its 
caeca, and the remainder of the alimentary canal with the liver and 
Malpighian tubes. • 

Fig. 89, B.— The heart and arterial vessels of the same. 

faces are truncated, foi*ming an area beset with the minute 
arachnidial paplllce by which the secretion of the glands is 
poured out. 

The males are smaller than the females, and their ap-<, 
proaches to the latter are made with extreme caution, as 
fhey run the risk of being devoured ; extending their pedi- 
palps, they deposit the spermatophores in the female genital 
aperture, and betake themselves to flight. 
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The Araneina are oviparous, but the development of the 
embryo takes place as in the Arthrogastra, and there is no 
metamorphosis.* 

The Acarina. — In the Mites and Ticks, the hinder 
somites are, as in the Spiders, distinctly separated from one 

Fig. 90. 



Fig. 90. — Ixodes vJcinvs, female (alter Pagenstecher).! — mandibular 
booklets ; d, e, fourth, third, and second joints of the palp ; c, book- 
lets of sternal surface of proboscis ; /, base of the proboscis ; y, stig- 
ma ; /i, genital aperture ; i, anal valves. 

another, but they are not separated by any constnction 
from the anterior somites. 

• Claparede, “Recherches sur 1873. 
l^Evolution des Araignees,” 1862. f ‘ Anatomie der Milben,’ 1860. 
Also Balbiani, * Ann. des So. ^Nat.* 
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The bases of the chelicerae, and of the pedipalpi, coalesce 
with the labnim, and give rise to a suctorial rostrum (Fig. 
90). 

There are usually several gastric caica, but no distinct 
liver. Salivary glands occur in some, and Malpighian caeca 
are occasionally found. No heart has yet been discotvered. 
Special respiratory organs are sometimes wanting (e. g. 
Sar copies ) ; when present, they are tracheal tubes, springing 
brush-wise from a common trunk which opens by a 
stigma. The stigmata are usually two, sometimes anterior 
and sometimes posterior in position. The ganglia of the 
nervous system are concentrated round the gullet, as in the 
Spiders; and the reproductive aperture is situated far 
forwards, sometimes close to the rostrum. 

The greater number of the Acarina are parasites upon 
other animals or upon plants. 

Most are oviparous, but the (h ibatidee are viviparous. 
The course of the development of the embryo is the same as 
in the Spiders. The young, when bom, are frequently pro- 
vided with only three pairs of ambulatory limbs, the fourth 
pair making its appearance only after eedysis has occurred. 

In some Acarina, a singular kind of metamorphosis occurs. 

Thus, in Atax Bonzl, Claparede * observed that, before the 
limbs appear on the blastoderm, a chitinous cuticula is sepa- 
rated and forms an envelope, which he terms the “ sac of 
the deutovum.” The proper vitelline membrane bursts 
into two halves, much as in Limulns, and the deutovum 
emerges. In the meanwhile, the anterior end of the blasto- 
derm becomes fashioned into two procephalic lobes; while five 
pairs of tubercles, answering to the rudiments of the cheli- 
cerae, pedipalpi, the two posterior gnathites, and one pair of 
thoracic limbs of the Spideiu make their appearance beneath 
the sac of the deutovum. The rudiments of the chelicera) 
and pedipalpi apply themselves together, and coalesce into 
a proboscis. Thus the first larval form is completed. It 
tears the pseudoval sac, emerges, and buries itself in the 

‘‘S'tulien an Acariden.” (‘ Zeitschrift liir Wise. Zoologie/ 

1868 .) 
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branchiae ot the freshwater mussel ( Unio), upon which it 
is parasitic. The cuticular investment of the first larva 
^now becomes distended by absorption of water, and forms 
a globular case, the limbs being drawn out of their sheaths. 
The second larval stage completes itself within the sac 
formed by this singular ecdysis. The two palpi are deve- 


Fig. 91. 



Fig. 91 , — Ammothea pycnognoides, female (after Quatrefages). — 
oesophagus ; d, antennee ; 6, stomach with its prolongation into the 
antennae and limbs e ; c, rectum. 

loped from the pedipalpal portion of the proboscis; two 
homy hooks from the cheliceral portion; and, finally, 
the hinder pair of thoracic limbs is added. This second 
larva gradually passes into the adult Atax. 

In the Acarus {Myohia coaretata) of the Mouse, Claparede 
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observed that the deutovum stage is followed by a tritovum ; 
the chitinous sac, which invests the embryo within the 
deutovum, apparently representing the cuticle of the first, 
larva of Atax. In this case, it presents a parallel to the 
Nauplius cuticle of My sis. 

The Arthrogastra, the Araneina and the Acarina (with 
some doubtful exceptions among the latter) possess the 
same number of appendages, and do not differ from one 
another so much as do the different forms of the Copepoda, 
among the Crustacea. But the remaining groups which 
are usually included among the Araclinida; namely, the 
Pycnogonida, the Arctisca, and the Pentastomida, diverge 
widely from the Artkrogastra and the Araneina, though 
each exhibits certain approximations to the Acarina. 

The Pycnogonida. — These are marine animals with 
short bodies terminated in front by a rostrum like that of 
the Mites, but with a mere tubercle in place of the pos- 
terior thoracic and abdominal somites. The adult has four 
pairs of enormously elongated, mauy-jointed ambulatory 
limbs, in front of which are three pairs of short appen- 
dages, the anterior of which may be chelate, while the 
postenor are more or less rudimentary (Fig. 91). 

The alimentary canal sends off very long casca into/ 
the legs. There is a short heart, but no distinct respi-jf 
ratory organs exist, A cerebral nervous mass is con- 
nected with a ventral chain of four or five pairs of ganglia. 
Four eyes are seated upon a dorsjil tubercle above the 
brain. The sexes are distinct, and the testes and ovaria | 
are lodged in the legs and oj)en upon their basal joints, I 

The embryo emerges from the egg as a larva provided 
with a rostrum, and with three pairs of appendages, which 
represent the short anterior three pairs in the adult.'^ The 
four pairs of great limbs of the adult are produced by out- 
growths from a subsequent posterior elongation of the 
body. 

* A. Dohm, ‘ Untersuchungen iiber Bau und Entwickelung der 
Arthropoden.’ Erster Uett. 1870. 
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The comparison of the embryos of the Pycnogonida with 
those of the Acarina, especially such as leave the egg with 
<three pairs of appendages, appeal’s to me to leave little 
Fig. 92. 



Fig. 92 . — Macrobiotus Schultzei {x KX)). — a. m^^uth with six oral papillae ; 
6, gullet, calcified stylets ; c, salivary glands ; rf, muscular pharynx ; 
e, ovary ; f. vesicula seminalis: g. testis: 1, 2, 3, 4, limbs. (After 
Greeff.*) 

doubt that the rostrum of the larval Pycnogomm is formed, 
as in the Mites, by the coalesced representatives of the 

♦ TJntersuchungen uber den Bau der Barthierchen.” (‘ Archiv fur 
Mikr. Anat.’ 1866.) 
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chelicerse and pedipalpi. If so, the seven other pairs of 
limbs are, by three pairs, in excess of the number found in 
any Arachnidan. On the other hand, the hexapod larva of 
the Pycnogonida differs from the hexapod Nauplius of tlie 
Crustacea^ inasmuch as the three pairs of appendages of a 
i^aupUus always represent antennary and mandibular ap- 
pendages, and these, by the hypothesis, are to be sought in 
the rostrum of the Pycnogonida. 

The fact to which reference has already been ma^ie, that 
the embryo Scorpion has six pairs of mdimentary appen- 
dages, attached to as many of the anterior free somites, 
of which one pair only remain (as the pectines) in the adult, 
leads me to suspect that the Pycnogonida may represent a 
much modified early Arachnidan form, from which the 
Arthrogastra, Araneidea, and Acaridea have branched off. 

The Arctisca, or Tardigraba., are microscopic animals, 
found in association with Rotifera, in moss and in sand, 
rarely in water, which present many points of resemblance 
to the Acarina. The body (Fig. 92) is vermiform, with four 
pairs of tubercles representing limbs, terminated by two 
or more claws. The fourth pair is directed backwards at 
the hinder end of the body, so that if these appendages 
answer to the hinder pair of limbs in the typical Arachnidan 
the hinder thoracic, and all the abdominal, somites are un- 
developed. The mouth is situated at the extremity of a 
rostrum provided with two stylets, which is so like that 
of the Acarina^ that it may probably be regarded as formed 
by the coalescence of cheliceral and pedipalpal tubercles. 
There is a muscular pharynx, leading into a wide alimentary 
canal, which gradually narrows to the anus. No organs of 
circulation or of respiration exist. The paired ventral 
ganglia, which correspond in number with the appen- 
dages, are large. They are connected by longitudinal 
commissures^ with one another, and with a prse-oesopha- 
geal cerebral mass which sometimes bears two eyes. 
The Arctisca are hermaphrodite, the ovarian sac and the 
two testes opening together into a cloacal dilatation in 

2 c 2 
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which the intestine terminates. The ova are relatively very 
large, and the cuticle of the parent is cast off and encloses 
th^m when they are laid, as a sort of ephippium. Com- 
plete yelk division takes place. The young have one-third 
the size of the adult when they are hatched, and they 
undergo no metamorphosis, beyond the addition, in some 
cases, of one pair of limbs after birth.* 

The Pentastomida. — A still more aberrant form is the 


Fig. 93. 



Pig. 9.3.~ Uoiinidf'H. — A, male; B, female; C, anterior 

end of the body ; anterior liooks ; />, posterior ho(-ks ; mouth ; 
c, rudimentary palpiform organs. (After Beuckart ) 

parasitic lAnguatiila, or Pentastomimi, which is found in 
a sexless condition in the lungs and liver of herbivorous 
mammals and of reptiles, and in the sexual state in the 
nasal cavities and maxillary antra of Carnivores. Thus, 
as Leuckart’s investigations have proved, Pentastomum 

* Kaufmann, Entwickelung und systematische Stellung der Tar- 
digraden.” (‘ Zeit. Wiss. Zoologie,’ 1851.) 
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tcenioides, whicli inhabits the latter cavities in the Dog an3 
the Wolf, is the sexual state of the P. denticulatum, which 
occurs in the liver of Hares and Rabbits.* • 

The Pentastomida are elongated vermiform animals, the 
bodies of which are divided by close-set transverse con- 
strictions into numerous short segments- At first sight, they 
appear to be entirely devoid of appendages, but, on careful 
inspection, four curved hooks are found, two on each side 
of the mouth, which is situated rather behind the anterior 
extremity of the body. Each hook is solid, and its base 
projects into the cavity of the body and gives attachment 
to the muscular bands by which it is moved. 

The mouth is surrounded by a chitinous ring ; a narrow 
oesophagus leads from it into a nearly cylindrical, straight, 
^ Fig. 94. 



Fig. 94. — Embryo of Pealastomum tamioides^ 

alimentary canal, which terminates in the anus, in the 
middle line of the posterior extremity of the body. A 
mesentery is attached to the whole length of the alimentary 
canal and holds it in place. A nervous ring surrounds the 
oesophagus, and posteriorly presents a ganglionic enlarge- 
ment whence nerves are given otf to the body. The muscles 
are striated. The sexes are distinct, and the males are 
usually much smaller than the females. 

The testicle is an elongated sac which lies on the ^'entral 
aspect of the intestine, and is connected anteriorly with 
two vasa deferentia. These terminate on the fore part 
of the ventral aspect of the body, each having a saccular 
* ‘ Bau und Entwickelungsgeschichte der Pentastomen/ 1800. 
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dilatation which contains a very long, coiled, chitinous penis. 
In the female, the ovary is also a large sac and the ovi- 
ducts come off from its anterior end, hut the genital 
aperture is close to the anus. 

The ova undergo their development in the ovary. The 
embryos are oval, but taper to the posterior end. In 
the middle line, in front, are three sharp protractile 
styles, of which the middle is the longest. Two pairs 
of articulated limbs are attached to the middle of the 
ventral aspect ; each is terminated by a double hooked 
claw. The embryo of Linguatula thus resembles those 
of the Acarina, on the one hand, and those of such parasitic 
Crustacea as Anchorellay on the other. 

, In the case of Pentastomum tcenioides, the embryos, enclosed 
I in their vitelline membranes, pass out of the bodies of the 
^ dog or wolf, along with the nasal mucus. Taken into the 
body along wdth the food of the hare or rabbit, they emerge 
from the egg, penetrate the walls of the intestine, and 
lodge themselves in the liver. Here they become encysted, 
gi’ow, and go through a series of changes of form, accom- 
panied by repeated ecdyses, until they pass into the state 
known as Pentastomum denticulatum. If the flesh of the 
rodent containing P, denticulatum is devoured by a dog, the 
parasite passes into the frontal sinuses, or maxillaiy antra 
of the latter, gi-adually takes on the form of P. tcenioides, 
and acquires sexual organs. The parasitism of the Pen- 
tastomida, therefore, is very similar to that of the Cestoidea. 

Spiders and Mites abounded in the tertiary epoch, as their 
remains preserved in amber, show. "Various Arthrogastra 
occur in themesozoic formations, while Spiders and Scorpion^ 
of large size have been found in the carboniferous rocks. 

The Myriapoda. — In these Arthropods, the body i^ 
divided into many segments, the most anterior of w'hich 
takes on the characters of a distinct head ; and almost all 
these segments bear articulated limbs terminated by claws. 
In the Centipedes {Chilopoda), the segments of the body 
have broad sterna, and the bases of the limbs are far apart ; 



THE MYRIAPODA. 


391 


but, in tbe Millipedes {Chilognatha), the sternal region is 
rudimentary, and the bases of the limbs are close together. 
Moreover, in the latter group, the majority of the segment 
of the body bear two pairs of limbs, and probably represent 
two somites. 

Fig. 95. 



Fiir. 95.— A, Scolopendra borhonica (^Chilopodti), B, lulus fiavozonatus 
( Chilognatha).* 

The head is either flattened from above downwards 
[Chilopoda), or from before backwards [Chilognatha). Some 
species are blind, but the majority have eyes, which are 
generally small and not very nxunerous ocelli, though, in 


* ‘ Regne Animal.* Illustrated edition. 
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some cases, they are large compound eyes. There is always 
a pair of jointed antennae. 

, The majority have the mouth constructed for biting, and 
are provided with a pair of mandibles, the most important 
peculiarity of which is that they are jointed, and thus 
depart less from the type of the ordinary limb than do 
Fig. 96. 



Fig. 96 . — Scohpendra Hopei (after Newport). 

A, dorsal view of the anterior part of the body. a. antennae. A, 
cephalic segment; B, basilar segment. 

B, ventral view of the head ; a, B, as before. 

C, under view of the cephalic segment, showing the antennae, a ; the 
eyes*; the labrum and the mandibles, iv'. 

D, the second pair of gnathites v’, and the first pair of appendages of 
the basilar segment vi'. 

those of insects, while, to the same extent, they approach 
the gnathites of the Peripatidea. The mandibles are more 
modified in the Chilopoda (Fig. 96) than in the Chilognathct. 
In the latter, the second pair of gnathites form a broad 
four-lobed plate which plays the part of an underlip, while, 
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in the Chilopoda, they are soft and jointed, and united at 
their bases by a bilobed median process (Fig. 96, v'). In 
the Chilognatlia the four segments which follow the head aae 
free, and their appendages resemble ordinary limbs. The 
anterior pair is turned forwards and comes into relation 
with the mouth, and the tergum of the first somite is often 
enlarged ; of the other three somites, the appendages of one 
appear to be always abortive. Thus there are three seg^ 
ments with single pairs of legs. The rest each bear two pairs. 

In the Chilopoda, on the contrary, the head is followed 
by a basilar segment (Fig. 96, B), formed, according to 
Newport, by the union of four embryonic somites, and 
caiTying three pairs of appendages. Of these the first are 
limb-like, but are turned forwards beneath the mouth (Fig. 
96, D vi') ; the second pair are the strong recurved poison- 
claws, and the hindermost pair may become functional legs, 
resembling those which are attached to the succeeding 
somites, but are always smaller than the others, and may be 
altogether aborted in the adult. The somites of the body 
never bear more than one pair of limbs. 

The alimentary canal is usually straight and simple, like 
that of an insect larva. There are large salivary glands, 
and the intestine is provided with Malpighian tubules. 

The heart extends through the greater part of the length 
of the body, and is many- chambered, there being one 
chamber for each of the somites in which it lies. Each 
chamber is somewhat conical in shape, being broader behind 
than in front, and admits the blood by a pair of lateral 
clefts, while the blood leaves it, in part, by the communica- 
tion with the adjacent chamber, in part, by lateral ai'terial 
branches. A median aortic trunk continues the heart for- 
wards, and the lateral tmnks encircle the oesophagus and 
unite into an artery which lies upon the ganglionic chain. 
The arterial system in the Chilopoda is, in fact, as complete 
as that of the Scorpions.* 

* Newport, “On the structure, in the Myriapoda and macrurous 
relations and development of the Arachuida.” (‘ Philosopliici.1 
nervous and circulatory systems Transactions/ 1863.) 
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The respiratory organs are tracheae, which open by stig- 
mata on the lateral or ventral surface of more or fewer of 
the somites. In Scutigera the stigmata are situated in the 
median dorsal line of the body. 

The nervous system presents a ventral chain, with a pair 
of ganglionic enlargements for each segment of the body, 
the most anterior of which are connected by commisAires, 
which embrace the oesophagus, with the cerebral ganglia. 

The ovary in both Chilognatha and Chilopoda is long, 
single, and tubular in form. It lies above the alimentary 
canal in the latter, between the alimentary canal and the 
nervous system in the former. The double vaginae open on, 
or close behind, the bases of the second pair of legs in the 
Chilognatha ; at the posterior end of the body, beneath the 
anus, in the Chilopoda. Two spermathecse and colleterial 
glands are very generally present. 

The testes in the Chilognatha are tubular glands, which 
occupy the same position as the ovary and open in the same 
region. They have lateral csoca, and are connected by 
transverse ducts. Two copulatory organs, or penes, are 
developed on the sternal face of the sixth segment which 
follows the head, or are connected with the bases of the 
seventh pair of legs. 

In the Chilopoda there is a good deal of variation in tho 
structure of the testis. Thus in Lithohius* the testis is a 
single filiform tube, connected at the hinder end with two 
deferent ducts which embrace the rectum. A large csecum, 
apparently a vesicula seminalis, opens into each deferent 
duct. But, in most Chilopods, the testes are fusiform acini, 
imited by delicate ducts with a median vas deferens. 
Two, or four, pairs of accessory glands are connected with 
the opening of the male apparatus. 

The spermatozoa are enclosed in spermatophores in Scolo- 
pendray Cryptops, and Geophilus. 

The Chilognatha copulate. In Glomeris and Polyxenus the 
genital apertures of the two sexes are brought together 

* Favre, “ Anatomie des organes reproducteurs des Myriapodeb.” 
(‘ Annales des Sciences Naturelles,’ 1855.) 
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during copulation ; but, in lulus, tbe penes of tbe male are 
charged with the spermatic fluid before copulation takes 
place, and it is by their agency that the female is impreg- 
nated. 

The Chilopoda have not been observed to copulate, indeed 
the female shows a tendency to destroy the males, as among 
Spiders. The male Geophilus spins webs like those of 
spiders across the passages which he frequents, and deposits 
a spermatophore in the centre of each. 

Metschnikoff* has recently shown that, in the Chilognatha, 
the process of yelk-division is complete, and confirms tbe 
observation of Newport (Phil. Trans. 1841) that the sternal 
face of the blastoderm becomes sharply infolded down its 
centre, in such a manner that the anterior and the posterior 
halves of that face of the embryo become closely applied 
together. Metschnikoff* further points out that only two 
pairs of appendages are convei*ted into gnathites ; and 
that a chitinous cuticula, apparently identical with what 
Newport describes as the “amnion” in lulus, is early 
thrown off* from the embryo. In some species, it developes 
a median tooth-like process which serves to burst the 
vitelline membrane. Newport describes a short cord, or 
funiculus, which connects the anal extremity of the embryo 
with the so-called “ amnion.” It is not improbable that 
this is simply the continuation of the first larval skin into 
the rectum. 

The embryo lulus at first bursts the vitelline mem- 
brane, and is enclosed only in the embryonic integument. 
At this period, its body is divided into eight segments, of 
which the first represents the head. Traces of the antenna) 
are visible on the sides of the head, and the four following 
segments exhibit papilla); those of the second, third and 
fifth segments dev elope into the three pairs of functional 
limbs, with which the young myriapod is at first provided. 

Between the terminal segment and the seventh, the body 
grows and becomes divided into six rudimentary new 

* “Embryologie der doppelfiissigen Myriapoden (^Chilognaiha),'^'* 
(‘ Zeitschrift fur Wiss. Zoologie,^ 1874.) 
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segments. The terminal segment also becomes divided 
into two. Thus, when the young escapes from the embryonic 
o integument it consists of nine complete segments, including 
the head, with six rudimentary segments interposed between 
the penultimate and the antepenultimate — making fifteen 
in all ; which is the full number of segments (head + three 
thoracic + eleven abdominal somites) possessed by an insect 
larva. 

There is this difference, however, between the insect and 
the larval myriapod, that since, in the latter, there are 
only two pairs of gnathites, which must answer to the 
mandibles and first maxilhe of insects; the ambulatory 
appendages of the second segment must represent the 
second maxillae of insects; and hence, though there is 
apparently the same number of somites in the two cases, 
there must in reality be one fewer in the myriapod. The 
myriapod larva therefore, notwithstanding its hexapod 
character, is essentially different from an insect larva. 

The sixth and the seventh segments develope two pairs 
of legs, as do all the newly-formed segments; and it is 
worthy of notice that the male copulatory apparatus, inas- 
much as it is situated in the seventh (sixth post cephalic) 
segment in the adult, is developed from one of the primary 
segments of the embryo, and not from the subsequently 
added segments. New segments, each giving rise to two 
pairs of limbs, are developed by sixes in the germinal 
region between the penultimate segment and the hindermost 
of the newly -formed segments, until the full number of 
the adult is complete. 

In all other Chilognatha of which the development has 
been traced, the young, at first, possess only three pairs of 
functional legs ; and one of the four segments which follow 
the head is apodal. According to Fabre, the apodal segment 
in Polydesmus coynplanatus is the second, and not, as in 
lulus, the third. 

In the Chilopoda, the young leave the egg with seven 
(Lithohius, Scutigera) or a greater number of pairs of ambu- 
latory limbs. Scolopendra is said to be vhdparous. The 
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early stages of development of Geophiliis have been de- 
scribed by MetsclinikofF.* Complete yelk-division takes 
place, and when the young leaves the egg it has a cylindri- 
cal body, like that of one of the Chilognafha, and possesses 
many pairs of limbs. Newport f has pointed out that, in 
Goophilus longtcornis, the basilar segment is formed by the 
confluence of four somites, of the appendages of which only 
two are ultimately developed. Tlius the basilar segment 
of the head of the Chilopoda appears to correspond ^ery 
closely with the four somites which follow the head in the 
Ghllogmdha. Under these circumstances, the difference in 
the position of the reproductive apertures in the two groups 
is exceedingly remarkable. 

Fossil Myriapoda occur both in the tertiary and secon- 
dary formations, and there seems no reason to doubt that 
the Xylohi'us sigillarice discovered in the coal of Nova Scotia 
by Lyell and Dawson is to be referred to this group. 

The Insecta. — Notwithstanding the vast number, and 
the singular diversity of form of Insects, the fundamental 
unity of their structure is remarka])le, and, in this respect, 
the gi'oup exhibits a striking contrast to the Crustacea. 

The division of the l)ody into three regions, head, thorax 
and abdomen, is usually well marked, not only by the 
peculiar modifications which the cephalic and thoracic 
somites undergo, but by the attachment of the three pairs 
of ambulatory limbs exclusively to the latter. The head 
possesses four pairs of appendages, that is to say, one ]mir 
of antenna? and three pairs of gnathites ; and, as a general 
rule, there is a pair of compound eyes, sessile upon the sides 
of the head; sometimes simple eyes are added to them. 
The first pair of gnathites are the mandibles, which are 
always devoid of a palp. The second pair are the maxillcc, 
which, in those insects in which the mouth is least modified, 
are distinct from one another and laterally moveable ; while 

* * Zoitschrift fiir Wiss. Zoolo- riapoda, order Chilopoda. (Trans- 
gie,’ IK?.'). actions of the Linnean Society, 

\ Monograph of the class My- xix.) 
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the third pair of gnathites are united together in the 
median line, and constitute the labium of entomologists. 
' In front of the oral aperture is a median plate, the lahrwm ; 
while from the floor of the mouth formed by the labium 
another median process, the lingua, is usually developed. 

It is hardly open to doubt that the mandibles, the maxillae, 

I and the labium, answer to the mandibles and the two pairs 
I of maxillae of the crustacean mouth. In this case, one pair 
, of antennary organs found in the latter is wanting in in- 
sects, as in other air-breathing Arthropods, and the existence 
of the corresponding somite cannot be proved. But if it 
be supposed to be present, though without any appendage, 
and if the eyes be taken to represent the appendages of 
another somite, the insect head will contain six somites, 
the praeoral sterna being bent up towards the tergal aspect, 
as in the higher Crustacea. 

The three somites which succeed the head are termed 
respectively prof/ioraa;, mesothorax, and metathorax. A pair of 
legs is normally attached to each; and, when wings exist, 
they are lateral expansions of the tergal region (coire- 
sponding with the pleura of Crustacea) of the mesothorax 
or the metathorax, or of both. 

In the abdomen there are, at most, eleven somites, none 
of which, in the adult, bear ambulatory limbs. Thus, 
assuming the existence of six somites in the head, the 
normal number of somites in the body of insects will be 
twenty, as in the higher Crustacea and Araclmida.* 

One of the commonest of insects, the Cockroach {Blatta 
{Periplaneta) orientalis) is fortunately one of the oldest, least 
modified, and in many ways most instructive forms ; at the 
same time, it is not too small for convenient dissection.f 

In this insect, the head is vertically elongated, flattened 

* It is open to question whether four for the hemi, three for the 
the podical plates represent a thorax, and ten for the abdomen, 
somite; and tnerefore it must be t See f«jr an excellent figure 
recollected that the total number and description, Rolle9ton,‘ Forms 
of somites, the existence of which of Animal Life,’ p. 199, plate 
can be actually demonstrated in vi. 
insects, is only seventeen, viz., 
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from before backwards, and connected by a distinct neck 
with tbe protborax. The antennae are slender, as long as, or 
rather longer than, the body. Large reniform compound 
eyes are situated at the sides of the head. The tergal por- 
tion of the prothorax {'pronoUm) is a wide shield, which 
overlaps the head, in front, and the tergal portion of the 
mesothorax, or mesonotwm, behind. The legs are strong, 
and increase in length from the first pair to the last. The 
abdomen is flattened from above downwards, and bears a 
pair of elongated, many -jointed, setose styles (cerci^j at its 
hinder extremity. 

The males differ very considerably from the females. 
They have two pairs of wings, of which the anterior are 
brown, and are of a stiff and homy texture. As they serve 
to cover the posterior wings, they are termed tegmina. 
When closed, the left overlaps the right, and they extend 
back as far as the posterior edge of the tergum of the fifth 
abdominal somite. 

The posterior wings, on the contrary, are thin and mem- 
branous ; and, in a state of rest, are folded longitudinally 
upon themselves, the folded edge being internal. In this 
condition they are triangular, the base of the triangle lying 
close to the posterior edge of the fourth abdominal somite, 
and the right a little overlapping the left. When forcibly 
unfolded and made to stand out at right angles to the body, 
each of these wings is seen to have a nearly straight, 
thickened, anterior edge, while its rounded outer and pos- 
terior edges are very thin. The wing is strengthened by 
radiating thickenings, or nervures, united by delicate trans- 
verse ridges ; and, when left to itself, it springs back into 
its folded state with some force. 

The abdomen of the male is not very broad. The sterna 
of the abdominal somites are all flattened; and, to the 
hindermost, two minute unjointed styles are attached, 
while some singular hooked processes are seen, on close 
inspection, to protrude between the hindermost tergum and 
the hindermost sternum. The abdomen of the female is 
very much broader, especially towards the middle of its 
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length. The hindermost stemiim is Convex and boat-shaped, 
and its posterior half is separated along the middle line into 
halves, united only by a thin and flexible membrane. 
^Sometimes, the great egg-case, which the female carries 
'about for some time before it is laid, is 'seen protruding 
^between the posterior terga and sterna. The female has 
moveable tegmina, but they are very small, inasmuch as 
they do not extend beyond the middle of the metathorax, 
and are widely separated in the middle line ; they are, in 
fact, mere rudiments of the anterior wings. The posteidor 
wings appear, at first, to be altogether wanting. But the 
outer extremities of the metanotum, or tergal portion of 
the metathorax, present triangular areas, in which the in- 
tegument is very thin and exhibits markings which simu- 
late the nervures of the wings. There can be no doubt, 
in fact, that these are undeveloped wings, and they show, in 
a very instructive manner, that the wings are modifications 
of that part of the insect skeleton which answers to the 
pleura, and therefore to the lateral parts of the carapace, 
of a crustacean. 

The convex dorsal wall of the head of the Cockroach 
(Fig. 97), is termed the epicranivm. A median suture, the 
epicranial mture, may be seen, especially in young Cock- 
roaches, traversing it from before backwards, and dividing 
between the eyes into two branches, one of which passes 
towards the articulation of each antenna. The basal joint 
of the antenna is attached to a transparent flexible mem- 
brane, which occupies an oval space, the antennary fossa, 
and allows of the free play of the antenna. A little pro- 
jection of the hard chitinous skeleton when it bounds the 
inferior margin of the fossa, helps to support the joint. 
On the inner side of and above the antennary fossa, there is 
an oval fenestra, covered only by a thin and transparent 
portion of the integument, which allows a subjacent tissue 
of glistening w^hite appearance to be seen (Fig. 97, I. II. h). 
These have been regarded as rudimentary ocelli by some 
entomologists ; but their structure needs careful examina- 
tion before this view can be adopted. 
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The transparent cornea of the eye, situated external to 
and behind the antennary fossa, is elongated, wider above 


Fig. 97. 



Fig, ^T.~Blatta orientalis—l- IT. side and front views of the head; 
ff, the epicranial suture, at the ends of the lateral branches of which 
are b, the fenestrae ; /, the antennae ; g, the eyes ; / 6 , the labram; 
win, the inaudible ; ca, the cardo ; the stipes ; ga^ the galea ; jt)/, 
the palpus of the maxilla ; p, the palpus, 9 , the mentum and sub- 
mentum of the labium ; k, the margins of the occipital foramen ; «, 
c, inferior cervical sclerites ; I c, lateral cervical sclerites ; p n, 
pronotum. III. The labium and the right maxilla, viewed trom 
below ; letters as before except la^ lacinia of the maxilla ; pg^ 
paraglossse ; /i, ligula ; ?n, mentum ; «m, submentum of the labium. 


than below, and has a concave anterior, and slightly convex 

D 
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posterior margin. The numerous facets into which the 
cornea is divided, are hexagonal in shape, and very small. 

^ The broad flattened region of the fore part of the head, 
on the oral side of the epicranial suture, is the clypeus. It 
is prolonged in front of the mouth, and with the truncated 
edge of this prolongation, the fiap-like labrum is freely 
articulated. Behind the labrum are two, very stout, curved 
mandibles, strongly toothed at their extremities (Fig. 97, 
II. m n). Each mandible is articulated with the truncated 
edge of the lateral part of the skeleton of the head, beneath 
the eyes, which is termed the gena, in such a manner as to 
be freely moveable towards and from the median line, but 
in no other direction. The proximal end of the maxilla 
(Fig. 97, III.) is formed by an elongated basal articulation, 
the cardo, which is directed transversely to the axis of the 
head, and is connected with the inferior margin of the epi- 
cranium, or rather with a thin skeletal band which runs 
round the posterior margin of the epicranium, and is firmly 
united with it only on its dorsal side. This band forms the 
boundary of the so-called occipital foramen, by which the 
cavity of the head communicates with that of the neck, the 
chitinouB wall of the latter region being continuous with 
it. Ai-ticulated at right angles with the cardo is the stipes, 
or second joint of the maxilla. This is freely moveable in 
the lateral direction, and its outer distal angle bears the 
continuation of the limb, or palpus, formed by two short 
and three long joints. Two processes terminate the stipes , 
of these the anterior and outer, the galea, is soft, rounded 
and possibly sensory in function, while the posterior and 
inner — the lacinia^ is a curved cutting blade with a toothed 
and spinose inner edge. 

The labium (Fig. 97, III.) consists of two incompletely 
separated median plates, the submentum behind, and the 
mentum in front ; upon the latter follows a bilobed terminal 
piece, the ligula, each lobe of which is again divided lon- 
gitudinally into two portions, which have considerable 
similarity to the galea and lacinia of the maxilla. The outer 
is usually termed the paraglossa. 
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Between the mentum and the lignla, on each outer edge 
of the labium, a small piece, the palpiger, is articulated ; it 
bears the three-jointed labial palpits, which is to be regarded, 
as the proper free termination of the second maxilla. The 
resemblance between the labium and a pair of maxillae 
which have coalesced, is obvious. 

The submentum is not directly articulated with the 
cranial skeleton, but its posterior edge is close to one of 
the cervical scleritea* or skeletal elements observable in the 
chitinous integument of the neck, of which there are alto- 
gether seven. One is dorsal, median, and marked by a deep 
longitudinal depression. It articulates with the dorsal 
margin of the occipital foramen. Four are lateral, two on 
each side (Fig. 97, I. Ic) ; these take an oblique course from 
the dorsal part of the boundary of the occipital foramen, 
with a tubercle of which the anterior piece is articulated, to 
the anterior edge of the episternum of the prothorax. The 
inferior cervical sclerites (Fig. 97, I ic) are two nan’ow 
transverse plates, one behind the other in the middle line. 
They appear to represent the part called gula, which in many 
insects is a large plate, confluent with the epicranium above 
and supporting the submentum anteriorly. I think it is 
probable that these cervical sclerites represent the hinder- 
most of the cephalic somites, while the band with which the 
maxillae are united, and the genae, are all that is left of the 
sides and roof of the first maxillary and the mandibular 
somites ; the epicranial expansions being mainly formed by 
the upward and backward extension of the ophthalmic and 
antennary sterna, which arise out of the procephalic lobes of 
the embryo. In addition to these externally visible sclentes, 
there is a sort of internal skeleton (endocranium or ten- 
torium) ^ which extends as a cruciform partition from the 
inner face of the lateral walls of the cranium, close to the 
articulation of the mandible, to the sides of the occipital 

* 1 use this term, in the sense nous skeleton. It is to the latter 
in which it has been employed by what a distinct ossification is to 
Milue-Edwards, to denote any de- the skeleton of a vertebrated ani- 
finite hardened part of the chiti- mal. 


2 D 2 
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^ foramen. The centre of the cross is perforated by a rounded 
aperture, through which the oesophageal nerve-commissures 
Ijass. The commencement of the oesophagus traverses the 
interspace between the anterior processes of the cross ; the 
tendons of the great adductors of the mandible pass through 
the lateral apertures ; and the backward continuation of the 
gullet enters the thorax through the posterior aperture, in- 
cluded between the tentorium and the margins of the 
occipital foramen. 

In each somite of the thorax, a distinct median sclerite, 
the sternum, may be observed; and a much larger tergal 
piece, the notum. At the sides of the somite are other 
definitely arranged sclerites, the anterior of which appear 
to answer to the epistemum and epimera in the Crustacea, 
while the posterior, perhaps, properly belong to the attached 
limb. 

Forked or double apodemes, the antefurca, medifurca, and 
postfurca, project from the sternal wall of each somite of 
the thorax into its cavity. They support the nervous cord 
and give attachment to muscles. 

The legs present a large basal joint, the coxa, between 
which and the third, termed /emur, a small articulation, the 
trochanter, is interposed. Upon the femur follows an 
elongated tibia; and this is succeeded by the tarsus, which 
consists of six joints. Of these, the proximal joint is long 
and stout, the three next are short, the fifth is elongated 
and slender; the sixth, very short, is terminated by two 
cuiwed and pointed claws (ungues)* 

The broad differences in the structure of the abdomen 
of the male and female have been already pointed out. 
Of the eight terga externally visible in the female (Fig. 
98), the first is shorter than those which succeed it ; and 
che hindermost (Fig. 98, lo) is escutcheon -shaped, deflexed 

* Mr. Westwood (^Modern Mr. Westwood termspM^rtV/ws, but 
Classification of Insects,’ vol, i. p. it is a true joint provided with a 
416) says that the tarsi are five- special flexor, the slender tendon 
jointed, and that there is a pul- of which, however, traverses 
villus between the ungues. The several of the joints of the tarsus, 
sixth joint appears to be what 
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at the sides, thin in the middle, and notched at the end. 
W^hen this tergum is gently pulled backwards, two other 
very narrow terga (Fig. 98, 8 , 9 ), of which the anterior 
overlaps the posterior, and which were hidden between it 
and the antepenultimate or seventh tergum become visible. 
The apparent eighth tergum is therefore really the tenth. 
Beneath the tenth tergum are two triangular podlcal plates ' 
(Fig. 98, 1 1 ), one on each side of the anus. Provisionally, 

I taj^e them to be the sclerites of the eleventh abdominal 
somite. 

The first sternum is confluent with the second, and largely 
hidden by the coxa) of the metathoracic limbs. The seventh 
is greatly enlarged, and its posterior edge is produced into 
a boat-shaped process, nearly divided into two portions by 
an inward fold of the integument along the median line. 

Completely hidden by the seventh sternum is a thin plate, 
narrower in front than behind, where it is produced on each 
side. Anteriorly, it is articulated with the sternum of the 
following somite, so as to form a sort of spring-joint, which 
ordinarily keeps it applied against the latter, and therefore 
directed obliquely upwards and a little forwards. The large 
aperture of the vulva (Fig. 98, v) lies in the middle of this 
plate. On the sternal region behind the vulva, between it 
and the anus, arises a pair of elongated processes,, divided 
into two portions, of which the outer is thick and soft, 
the inner slender, pointed, and hard. They embrace and 
partly enshcath two other processes having somewhat the 
shape of knife blades, the anterior fixed ends of which are 
curved, and, being attached to the sides of the somite to 
which they belong, are distant, while the blades meet, ijnd 
are applied together ’in the middle line. Of these, which 
may be termed gonapophysen, the study of their develop- 
ment shows that the posterior bifid pair belong to the 
ninth somite, while the anterior pair belong to the eighth. 

The cerci {x) are attached to the dorso-lateral part of the 
tenth somite. 

In the abdomen of the male Blatta (Fig. 99), the ten 
terga are readily discernible ; but the eighth and ninth are 
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very short, and the former overlaps the latter. The tenth 
tergum is flat, and has a freely projecting, truncated, pos- 
•cerior margin. Articulated beneath its lateral edge are 
two multiarticulate cerci (a;), similar to those of the female. 

Beneath the tenth terghm, and hidden by it, are the two 
podical plates (11) between which the anus opens. The first 
sternum is small, and may easily escape notice. The second 
to the sixth sterna are of nearly equal width and length. 
The seventh and eighth are narrower; the ninth still 
narrower and longer, about half of its length being covered 
by the eighth. The covered half is different in texture 
from the uncovered, being thinner and more transparent, 
and its anterior ifiargin is deeply notched. The uncovered 
half is strong, homy and dark-coloured, convex below and 
concave above; its free posterior margin is obscurely tri- 
lobed by two lateral shallow notches. On each side, a 
slender, unjointed, setose style, which projects backwards 
and outwards, is attached to this sternum. 

Thus the tergal surface of the abdomen of the male 
essentially resembles that of the female, while the sternal 
surface differs in exhibiting two sterna more (namely, the 
eighth and ninth) without dissection. Hence, while, in 
the female, the opening of the recto-genital chamber lies 
between the tenth tergum and the seventh sternum, in 
the male it lies between the tenth tergum and the ninth 
sternum. 

When the tenth tergum and the podical plates are re- 
moved, a very singular apparatus, the male genital ar- 
mature, comes into view. It consists of a number of 
chitinous processes having the form of plates and hooks, 
the exact form and disposition of which could be made 
intelligible only by numerous figures. It may be stated 
generally, however, that these plates and hooks terminate 
proaesses of the sternal region of the tenth somite, on each 
side of the aperture of the vas deferens, and therefore, 
though they are of the same nature as the gonapophyses of 
the female, they are not their exact homologues. 

The most conspicuous division of the right gonapophysis 
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Fig. 98. — Longitudinal and ver- 
tical section of a female Cock- 
roach (Bfatta). — I to XX, 
somites of the body; 1 to 11, 
somites of the abdomen ; A, 
antenna ; I b, labrum ; a, mouth ; 
6, oesophagus ; o, crop ; d, pro- 
ventriculus’, e, pyloric caeca; 
/, chylific ventricle; .O', inser- 
tion of the Malpighian caeca ; h, 
intestine ; rectum ; r, vulva ; 
/, salivary gland; A, salivary 
receptacle. By an error the 
duct is made to terminate above 
instead of beneath the lingua ; 
H, position of heart; m, cere- 
bral ganglia ; N, thoracic gan- 
glia; jr, cerci. 
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is a broad plate divided at the extremity into two portions, 
the inner of which curves inwards and ends in two or three 
%harp spines, while the outer is coiled upon itself so as to 
resemble a short corkscrew. The left gonapophysis is pro. 

Fig. 99. 



Fig. 99.- Longitudinal and vertical section of the abdomen of a male 
Cockroach {Blatta). — 1, 2, 3, 4, &c , terga and sterna of the abdo- 
men ; mushroom-shaped gland ; r, aperture of the vas deferens ; 
A, anus. 

vided with a long process like a tenaculum, the incurved 
extremity of which is denticulated. 

The alimentary canal of the Cockroach commences by the 
oral cavity, situated between the labrum in front, the 
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mandibles and maxillae at the sides, and the labium, with 
the large lingua, or hypopharynx, behind. The oesophagus, 
beginning as a narrow tube, passes between the anterio?* 
crura of the tentorium, and then leaving the head by the 
occipital foramen and traversing the neck and thorax, 
gi’adually widens into the large crop or ingluvies (Fig. 98, 
c), which lies in the abdomen. This is followed by the small 
thick-walled proventriculus (Fig. 98, d), shaped like a pear, 
with its broad end applied against the crop. The narrow 
end of the proventriculus opens into a wide canal, the so- 
called chylijic ventricle, or ventriculus (Fig. 98, /), an elon- 
gated tube, the junction of which with the intestine, is 
marked by the insertion of the numerous Malpighian tubes. 
The anterior end of the ventriculus is provided with seven 
or eight csecal diverticula of unequal lengths (Fig. 98, e), 
the pyloric cceca. The first portion of the intestine [ileum) 
is narrow. The next, tei*med the colon, is very wide, and 
somewhat sacculated. A constriction marks off the region 
of the colon from the straight short rectum (Fig. 98, i), 
which terminates in the anus, situated at the hinder ex- 
tremity of the body between the podical plates.* 

The aperture by which the mouth communicates with 
the gullet is small, and situated at the superior and anterior 
part of the buccal cavity. A broad projection of the 


* M. F. Plateau (‘ llecherches 
siir les phenomkies de la digestion 
chez les Insectes,’ 1874; ‘ Note sur 
les pheiiomenes de la digestion 
chez la Blatta aracricaine [^Peri- 
planeta americaua],’ 1878; and 
‘Recherches sur les pheiiomenes 
de la digestion chez les Myria- 
podes,’ 1876), divides the alimen- 
tary canal of insects and myria- 
pods into a buccal, a median, and 
a terminal portion. The buccal 
portion consists of the oesophagus, 
crop, and iiroventriculus— which 
last he considers to be a mere 
strainer and to have no mastica- 
tory function. The middle divi- 
sion lies between the proventri- 
culus and the insertion of the 


Malpighian tubes. The terminal 
division extends from the latter 
point to the anus. With the 
solitary exception of lulus, the 
secretions of the alimentary canal 
are always alkaline, and that 
which etfects the transformation 
of the albuminoid elements of the 
iood into peptones appears to be 
furnished by the middle division, 
which is lined by epithelium, de- 
void of any cuticle. In carnivor- 
ous insects digestion may take 
place in the crop by the flow of 
the secretion of the middle in- 
testine into it. The salivary 
fluid of Blatta rapidly effects the 
transformation of starch into 
sugar. 
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posterior and inferior wall of the bnceal cavity occupies all 
the space between the oesophageal opening of that cavity 
^nd the labium, and ends in a free subcylindrical process. 
This is termed hypopharynx or lingua, but it might be well 
to reserve the term lingua for the free end, and hypopharynx 
for the attached posterior portion. The anterior surface 
of the hypopharjmx slopes downwards and forwards ; its 
sides are supported by two sclerites, which are naiTow and 
rod-like above and broad below, where they unite in an arch 
on the dorsal face, just where the free part, or lingua, 
begins. On the under side of the lingua are two broader 
sclerites, which also unite and form an arch, which lies 
over the opening of the salivary duct. The anterior surface 
of the lingua and hypopharynx is beset with fine hairs. 

The two salivary glands, with their receptacles, are 
greatly developed in the Cockroach.* The glands (Fig. 98, 
1) lie on each side of the oesophagus and crop, extending 
through the thorax, as far as the commencement of the 
abdomen. Each gland is a white mass, as much as a quarter 
of an inch long and composed of numerous acini. The 
ducts which arise from these acini unite first into a single 
trunk on each side, and then, beneath the sub-cesophageal 
ganglion, the two trunks join to form the single short 
salivary duct which opens beneath the lingua. The ducts 
of the salivary glands are lined by a transversely ribbed 
chitinous membrane, so that they greatly resemble trachea^ 

The salivary receptacles (Fig. 98, k) are elongated oval 
sacs, three-eighths of an inch long, each of which is situated 
at the extremity of a long duct. The ducts unite in front 
with one another, and with the duct of the gland, to form 
the short terminal common duct. The receptacle and its 
ducts have a chitinous lining similar to that of the duct of 
the glands, but the spiral marking does not extend over the 
walls of the receptacle. 

The proventriculus has a thick muscular coat, and the 

♦ The salivary glands are well tische und uropoietische System 
described by JBasch, “ Unter- der Blatta orientalis.” (‘Sitzb. 
suchungen iioer die chylopoie- Wiener Akad./ 1858.} 



THE COCKROACH. 


411 


chitinous lining whicli is continued into it from the ingluvies 
is greatly thickened and produced into six hard, brown 
ridge-like principal teeth. Posterior to these is a circle o& 
six prominent cushions covered with setse, and similar setae 
beset the lining membrane of the funnel-shaped cavity into 
which they project. Between each pair of principal teeth 
are five smaller tooth-like ridges, of which the median is 
the largest, and a variable number of still finer longitudinal 
elevations lie between them. 

The proventriculus leads posteriorly into a naiTOw, thicks 
coated canal, the tubular extremity of which projects freely 
into the much wider anterior end of the chylific ventricle^ 
and constitutes a very efficient valve. 

The short and narrow anterior division of the intestine 
[ileum) is separated from the colon by a circular valve, the 
surface of which is beset with small spines. 

The Malpighian glands are very numerous (20-301, 
delicate, cascal tubules, of even diameter throughout, and 
lined by a small-celled epithelium enclosing a central 
cavity. 

The communication between the colon and the rectum 
is very narrow, but is not valvular. The walls of the rectum 
itself are raised into six ridges, which project into its 
interior and are abundantly supplied -with trachese ; these 
are the so-called rectal glands. Anal glands appear to be 
absent. 

The histology of the alimentary canal has been particu- 
larly studied by Basch.* From the oral cavity to the 
funnel-shaped extremity of the proventriculus, it is lined by 
a chitinous coat continuous with the chitinous layer of the 
integument, and beset for the greater part of its extent 
with fine setiform processes. Beneath this is the proper 
endoderm, consisting of a layer of cells. Next follows a 
structureless membrana propria or basement membrane; 
and this is succeeded by two layers of striped muscular 
fibres, the internal disposed longitudinally, and the ex- 
ternal circularly. In the proventriculus, the muscular 
^ ‘Sitzungsberichte der Wiener Akademie,’ xxxiii., 1858. 



412 THE ANATOMY OF INVEETEBEATED ANIMALS. 

layers become much thicker, and some of those of the outer 
layer acquire a radial an*angement, while the longitudinal 
•muscles are disposed in bundles which correspond with the 
six principal ridges. In the chylific ventricle, the muscular 
layers and the basement membrane are disposed much as 
before. The basement membrane presents pits on its free 
surface in which rounded cells are lodged, and is beset be- 
tween these by the elongated cells of a cylinder epithelium. 
The free ends of th^e present a thick wall, marked by 
vertical striations. I'here is no chitinous layer. The ca3ca 
are merely diverticula of the wall of the chylific ventricle. 

The intestine, finally, repeats the structure found in thtit 
parf of the alimentary canal which lies in front of the 
chylific ventricle and is provided with a setose chitinous 
lining. 

Basch found the secretion of the salivary glands and tlie 
contents of the crop acid,* and that an infusion of the 
salivary glands, acidulated with hydrochloric acid, digested 
fibrin. The contents of the chylific ventricle were neutral 
or alkaline; and an infusion of the chylific ventricle at 
once turned starch into sugar. The same elfect was pro- 
duced by an infusion of the salivary glands. 

The heart (Fig. 98, h) is a slender inconspicuous tube, 
which occupies the middle line of the dorsal wall of the 
abdomen and presents, at intervals, pairs of lateral apertures. 
The wall of the abdomen internal to the chitinous integu- 
ment is lined by a soft cellular substance [hypodermic), the 
outer layer of which represents the ectoderm or epidermis, 
while the deeper part is the parietal layer of the mesoderm. 
This last contains a stratum of longitudinal muscular fibres, 
divided into segments or myotonies, in correspondence with 
the somites, and numerous trachea?. The heart is enclosed 
in the abdominal wall which surrounds it on all sides, leaving 
only a small pericardial space.f Beyond the slender aortic 

* Plateau denies that the sali- t Cornelius (‘ Beitrage ziir 
vary secretion of lilatta is ever niiheren Kenntniss von Periphi- 
acia, and ascribes the occasional neta {Blatfa) orientali<,^ 185*^), 
acidity of the contents of the crop found that the pulsations of the 
to the food. heart could readily be obser\ ed 
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canal in whicli tlie heart terminates anteriorly, and which 
passes into the thorax and the head, no vessels appear to , 
be given oif from the heart. ^ 

Delicate triangular sheets of muscular fibre, the alary 
muscles, are attached in pairs by their bases to the wall of 
the pericardial chamber, while their apices are inserted into 
the hypodermis. They occupy the interspaces left by the 
principal dorsal branches of the tracheae, which form arches 
on each side of the heart. 

From the inner face of the abdominal wall, processes are 
given off, some of which appear to hang freely into the 
abdominal cavity, while others accompany the numerous 
trachea) which pass to the alimentary canal. When the 
abdominal cavity is laid open, its inner lining has a villous 
appearance and often seems to be full of free granular 
matter, as the processes very readily break up into 
fragments. The substance which thus fills up the interspace ' 
between the parietcs of the abdom<vn and the contained 
organs is the corpus adiposum. It is made up of cells often , 
so arranged as to form a network, and it usually has a milk- 
white colour, which arises partly from the air contained 
in the tracheae, and partly from innumerable, strongly re- 
fracting granules contained in its component cells. 

There are ten stigmata on each side of the body of Blatta , , 
eight in the abdomen, and two in the thorax. The latter; 
are situated between the prothorax and the mesothomx, 
the mesothorax and the metathorax, respectively ; above the 
attachment of the coxae and beneath the terga. The ab- 
dominal stigmata lie in the soft integument which connects 
the sterna and terga of the somites. All the stigmata are 
situated in conical thickened elevations of the integument. 
The thoracic stigmata are the largest, and the anterior 
pair have a distinctly two-lipped aperture, the anterior lip 
being notched in the centre. The openings of the abdominal 


in Blattce. which had recently minute; but allowance must be 
undergone ecdysis. They were made for the disturbed condition 
as frequent as eighty in the of the insects under observation. 
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stigmata are more oval and are inclined backwards. Im- 
mediately within each stigma the tracheal trunk into which 
^it opens is provided with a valvular an-angement, by which 
the passage can be closed or opened. 

Fig. 100. 


D 


Fig. \0(i,—Blaita orientalis.—Ky the brain with the anteiinary (a) and 
optic {b) nerves; A, Btomato-gastric nerves; B, the ante 

rior end of the gullet ; the crop ; D, the gizzard. 

The large tracheae which take their origin from these 
stigmata immediately divide and give off dorsal and ventral 
branches ; the former unite in a series of arches on each 
side of the heart, while, on the ventral side, the branches 
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are connected by trunks which run parallel with the ab- 
dominal ganglia. Large trachea) pass from the anterior 
thoracic stigma through the neck into the head and, in the^ 
abdomen, the viscera receive an abundant supply of air- 
tubes. 

The lobes of the corpus adiposum are also plentifully 
supplied with trachese, while fine trunks enter the substance 
of the ganglia and nerves and there ramify. Trachese 
accompany the nervures of the wings and are abundantly 
distributed to the muscles. 

The nervous system consists of the supra-oesophageal 
ganglia (Fig. 100, A), commonly termed the brain, united by 
thick and short commissures with an infra-a3Sophageal 
ganglionic mass, situated in the head ; of three pairs of 
large coalesced ganglia in the thorax, one for the prothorax, 
one for the mesothorax, and one for the metathorax; of 
six pairs of closely united smaller ganglia in the abdomen ; 
and of a set of visceral or stomato gastric nerves. The 
several pairs of thoracic and abdominal ganglia are united 
by double commissural cords. In the males the commis- 
sures which unite the abdominal ganglia are not straight, 
but are bent, as if it were needful to make allowance for 
the possible elongation of the abdomen. The supra-oeso- 
phageal ganglia give off the nerves to the antennse from 
their antero -lateral angles ; while their postero-lateral 
angles are produced into the great optic neiwes. Above 
the margin of each antennary nerve there is a small 
rounded tubercle which is in immediate relation with the 
silvery patch which shines through the fenestra on the 
inner side of the antennary fossa. Beneath this tubercle, 
and on the inner side of the antennary nerve, arises the 
root of the stomato-gastric system of nerves. Each root 
passes forwards for a short distance, then turns inwards, 
a-nd in the middle line, enters a heart-shaped ganglion 
situated on the gullet (Fig. 100, c). From this a median 
cord passes backwards beneath the brain and enters a 
ganglion, which is connected on each side with two others 
(c> e). The continuation of the median cord passes back 
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along the tergal wall of the oesophagus, and where this 
begins to dilate into the crop ends in a small triangular 
^ganglion {g), whence lateral branches are given off, which 
can be traced as far as the gizzard. 

The exact form and arrangement of the male organ of 
generation has only recently been made out. The most 
conspicuous of these organs is a mushroom-shaped gland 
(Fig. 99, t) composed of a great number of short caeca 
attached to the extremity of the also very short vas deferens. 
It is lodged in the hinder end of the abdomen, and covers 
the posterior abdominal ganglion. The contents of the caeca 
are viscid, gi*anular, and usually brilliantly white. ‘The 
anterior end of the vas deferens is dilated, and the caeca are 
arranged in two groups which open into each side of the 
dilatation. The contents of the vas deferens are also white 
and viscid, and evidently consist in great measure of the 
secretion of the ceeca. In the adult male, however, in- 
numerable speiunatozoa with straight rod-like heads, and 
long flagella are to be found intermingled with the contents 
of the vas deferens and its dila.tation. On the sternal side 
of the mushroom-shaped gland, between it and the last 
abdominal ganglion, there is an accessory gland composed 
of dichotomous monilated tubes, lined by a columnar 
epithelium, all bound together by a common investment 
into a flattened elongated mass. 

As the duct of the mushroom-shaped gland in the adult 
male always contains spermatozoa, and no other organ con- 
taining spermatozoa is to be found, this gland has natui’aUy 
been taken for the testis. Rajewsky,* however, has re- 
cently pointed out that the tjuie testes are situated in the 
tergal region of the abdomen, and that they may be found 
in this region in the young and yet wingless males, though 
they are much obscured by the corpus adiposum which in- 
vests them. He traces the efferent duct of the testis to the 
glands just mentioned. In the adult male the testes 
atrophy, and are hardly to be discovered among the masses 

♦ Hofmann and Schwalbe, ‘ Jahresbericht,* 187.5. The original pap^r 
is in Russian, and 1 have not seen it. 
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of the coi’pus adiposTim. I have found the testes in the 
young males in the position assigned to them by Rajewsky. 
They consist of numerous oval or pyriform sacs attached b^ 
short pedicles to a common duct. 

The ovaries (Fig. 101) are two groups of eight tubes, situ- 
ated on each side of the hinder half of the abdomen. The 
ovarian tubes, or ovarioles, of each group communicate with 
ca short oviduct, which soon unites with its fellow in the 


Fig. 101. 





Fig. 101 . — Blatta orientnli^ — Femate genital organs : a, the posterior 
abdominal ganglion ; b, the oviducts ; c, d, e, the ovarian tubes ; /, 
the filament by which their extremities are united ; the sperma* 
theca ; A, the colleterial glands. 

middle line and opens externally by the very shoi*t and 
wide vagina. The finely tapering anterior ends of the ova- 
rioles of each side are continued forwards by delicate cellu- 
lar prolongations. These finally unite together into one 
long filament, which can be traced for some distance for- 
wards among the lobes of the corpus adiposum. It is a 
cellular cord, which appears to be nothing but a process 

2 s 
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of the mesoderm. Numerous nucleated cells, from some of 
which the ova take their origin, while others remain as in- 
^terstitial cells, which are eventually converted into an epi- 
thelium, make up the substance of the slender anterior 
terminations of the ovarioles. The ova situated behind 
these enlarge, and become disposed in a single series. 
Further on, the epithelial cells form a thick stratum round 
each egg, and possibly assist in the formation of the large 
vitellus with which it is ultimately provided. As the egg 
advances towards maturity, the vitellus acquires first a 
finely, and then a coarsely granular structure, and the ger- 
minal vesicle and spot, previously conspicuous, are no 
longer to be seen. Behind the junction of the oviducts 
with the vagina, and the last abdominal ganglion which 
lies upon the latter, there is a small sac with a long neck 
from which a short csecal process is given off. It has a 
thick chitinous lining and a muscular investment, and is 
the spermatheca. Behind it are two, large, ramified, tubular 
colleterial glands, which probably give rise to the substance 
of which the egg case is formed. Their conjoined ducts 
open behind the spermatheca. 

The eggs are enclosed, sixteen together, in strong capsules 
of a homy consistency, shaped somewhat like a cigar case, 
and presenting a longitudinal slit, the raised and serrated 
edges of which are closely applied to one another. It is 
through this slit that the fully developed young make their 
exit. The eggs attain J of an inch in length. Each has its 
own thin but tough brownish shell, the surface of which is 
beautifully ornamented with hexagonal patches of minute 
tubercles. They are arranged parallel with one another 
in two opposite series, one series occupying each half of the 
case. The eggs, adapting themselves to the form of the case, 
are convex outwards and concave inwards, and thus, though 
their ends touch, a median space is left between the two 
sets. The Inner concave face of the egg is that on which 
the sternal face of the embryo is situated. The female 
carries the egg-case about for a week or more, before 
depositing it. The young leave the eggs as minute active 
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insects, colourless, except for the large dark eyes. Before 
they are hatched they acquire eyes, antennas, gnathites, 
legs, and short cerci, which differ only in detail from those, 
of the perfect Blafta, into which the larva passes by suc- 
cessive ecdyses. According to Cornelius (Z. c. p. 29), the^ 
Cockroach undergoes seven ecdyses ; the lirst immediately! 
on leaving the egg, the second, a month later. After the 
second ecdysis, the insect sheds its skin only once a year ; 
so that it attains its adult condition only in its fifth summer. 
The chitinous cuticula splits along the median line of the ter-; 
gal aspect of the head, thorax and abdomen, before it is cast. 

Thus the Cockroach is said to be an insect without meta- 
morphosis. For although the male, in the later stages of 
its growth, acquires wings, and thus does become very 
sensibly metamorphosed from a merely cursorial animal to 
one which has, at any rate, the capacity for flight, there is 
no period in the life of this insect in which the larva passes 
into a resting condition, during which it takes no food, and 
in the course of which it developes its wings. In other 
words, the Cockroach passes through no pupa state, which ^ 
the insect enters as a larva, and leaves as an imago, such 
as is so well known to occur in the course of the develop- 
ment of Moths and Butterflies. The term metamorphosis, 
in its technical entomological sense, is applied only to that 
succession of changes of which such a definite pupal con- 
dition forms the middle term. 

It is obvious that a metamorphosis, in this sense, is a 
secondary complication superinduced upon the direct and 
gradual process of development exhibited by such insects 
as the Cockroach and that the Metabola, as insects having 
a metamorphosis are termed, are, so far, more differentiated 
than the Ametahola, or those which have no metamorphosis. 
Again, in each of these divisions, it is clear that the insects 
which never possess wings are less differentiated, or more 

• Sir John Lubbock has shown panied by a slight change of form 
that the young Chloeon {Ephe- in its passage to the adult state. 
mera) dimidiatum undergoes more (Trans. Linn. Soc. 1863.) 
than twenty ecdysesi each aecom- 
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embryonic, than those which are winged. And finally, 
insects with the parts of the month in the condition of 
^ordinary gnathites are less differentiated than those in 
which such gnathites are changed in fo^ and function, or 
become confluent. 

The insects which, in this view of their moi'phological 


Fig. 102. 



Fig. 102. — Campodeastaphylinm^ one of the Thymnura (after Lubbock). 

relations, occupy the lowest position in the group, are the 
Collemhola and Thysanura, the Mallophaga, and the Pedi- 
culinat inasmuch as they possess no trace of wings and 
undergo no metamorphosis. 

The Collemhola and Thysanura undergo no metamor* 
* ‘ Monograph on the Collemhola and TKytanura^ pi. liii. 



THYSANURA.. — PEDICULINA. 


421 


phosis, and are always wingless. The abdomen contains 
six segments only in the Collemhola (Podurttf Smynthv/rue, 
Tomoceros), in which group the mouth is usually provided 
with mandibles and maxillaB, though these, instead of being 
articulated with the sides of the head, are capable of being 
retracted into its interior.* In the genus Anoma the mouth 
is suctorial. 

The Thysanura {Lepisma, Campodeaj Japyx) resemble the 
young Blattce. They have ten well-marked abdominal so- 
mites {Campodea, Fig, 102), and the gnathites conform 
to the mandibulate type. The abdomen in Machetes has a 
pair of elongated cylindrical appendages attached to every 
segment except the first ; while Campodea and Japyx have 
seven pairs of such abdominal appendages-t 

The Collemhola are provided with a curious tube or sucker., 
which is attached to the sternum of the first abdominal 
somite, and gives exit to a glandular process, which secretes 
a viscid matter. Most of the insects belonging to this 
group possess a curiously contrived “spring and catch” 
attached to the sternal region of the penultimate or ante- 
penultimate somites of the abdomen, by the help of which 
they execute their vigorous leaps. 

Sir John Lubbock could find no trace of tracheae in 
any of the Collemhola except Smynthurusy though they are 
easily seen in many of the Thysanura. According to the 
same authority Lepisma has four Malpighian tubes, while 
Campodea, Japyx, and many Collemhola have none. 

The Mallophaga are parasites upon mammals and birds, 
on the hairs and feathers of which they feed. The head 
and body are depressed, the eyes simple, the gnathites of 
the masticatory type. The abdomen has nine or ten visible 
segments. 

The Pediculina, or Lice, subsist upon the blood of the 
mammals on which they are parasites. The gnathites are 

* Lubbock ‘ Monograph on the has similar appendages attached 
Collemhola and Thysanura,’ p. 37 . to eaoh segment along with legs. 

t The myriapod Scolopendrilla (Lubbock, l.c.) 
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convei’ted into a piercing and sucking apparatus. The 
under side of the head presents a soft protrusible pro- 
*boscis, provided externally with minute homy hooks, and 
j traversed by a canal which leads into the oesophagus, 
i The proboscis incloses two grooved chitinous styles which 
; are applied together by their concave sides ; and, within 
the sheath thus formed, lie two finely-pointed chitinous 
setse which can be moved up and down in the sheath.* 

The proboscis is, in all probability, formed by the union 


Fig. 103. 



Fig. 103.— Ferla nigra. — A, the aquatic apterous larva. B, one of the 
transitional stages between this and the perfect insect C. (‘ Kcgne 
Animal.’) 

of the labrum with the second pair of maxillae, while the two 
halves of the homy sheath are the mandibles, and the setae, 
the first maxillae. The prothorax, mesothorax, and meta- 
thorax are hardly distinguishable, and the abdomen bas 
nine visible segments. 

The Orthoptera (Fig. 103) and the Hemiptera (Fig. 10^) 
ametabolous. The majority have two pairs of simi ar 
or more or less dissimilar wings in the adult state, an 

* Gerstfeldt, ‘ Ueber die Mundtheile der Saugenden Insecten, 
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in the apterous forms it is probable that the wings are 
aborted, not typically absent. In the Orthoptera * (the 
Termites, Cockroaches, Grasshoppers, Crickets, Day-flies^ 
Dragon-flies and Earwigs), the mouth is constructed upon 
the same plan as that of Slatta ; but the Physopoda or 
Thysanoptera {Thrips and its allies), small winged insects 
which live chiefly in flowers, present a modification which 
is transitional to the Hemipteran mouth (Gerstfeldt, I c.). 
There is a proboscis directed backwards and formed by the 
union of the labrum with the labium, which last is provided 
with palps, though they are sometimes very smalL The 


Fig. 104. 



Fig. 104. —AphU pclaryoniL Apterous agamogenetic form. 

maxillie are palpigerous and are united at their bases with 
the labium. The mandibles are styliform setae enclosed in 
the proboscis. 

In the He7niptera,f all of which suck the blood of animals 
or the juices of plants (Bugs, Plant-lice, CicadcB)^ wings 
may be present or absent, and the eyes are usually com- 
pound. The visible abdominal somites may be reduced to 
six. The gnathites are modified to form a piercing and 
suctorial apparatus, which is similar, in many respects, 

* The Thymnura and the Phy- with the Neuroptera, 

sopoda are often united with the t The Mallophaga and the 
(Mkoptera in modern classifica- PedicuVina are united with the 
tions, while the Ephtmerid(B and Uemiptera by some authors. 
LiheUulid<£ used to be arranged 
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to that of the Pediculina. There is a usiially sharp and 
I pointed labrum, while the mandibles and maxilla are^mere 
j Tubercles , surmounted by long chitinous pointed styles, of 
’ which therefore there are four. The labium is usually 
* represented by a median, jointed, fleshy, elongated body, 
the anterior face of which presents a longitudinal groove 
in which the mandibles and maxillee are enclosed. Neither 
' the maxillae nor the labium are provided with palps. 

Thus, in the series of ametabolous insects there are some 
with masticatory, others with suctorial mouths. It is by 
no means clear that the gnathites of the suctorial mouth of 
the Hemiptera are to be regarded as modifications of 


Fig 105. 



Fig. 105 . — Hydrophilus piceus. — A, larva. B, pupa. C, imago. 

(‘ Regnc Animal.’) 

, masticatory gnathites of the type exhibited by the Chiho- 
iptera. The absence of palps is a very significant fact, sug- 
/| gesting that the Hemipteran mouth is the extreme term of 
/ a series of modifications for the commencement of which 
I we must go back to the Myriapoda. 

The metabolous Coleoptera, or Beetles (Fig. 105), have 
masticatory mouths of the same general type as those of the 
Orthoptera ; with which they are closely connected through 
the Farwigs. The two constituents of the labium are how- 
ever mtich more completely confluent than in the Orthoptera. 



NEUEOPTERA. — DIPTERA. 


425 


There are usually two pairs of wings, the anterior pair being 
converted into stiff horny elytra ; these take no part in the 
act of flight, but serve as covers to the metathoracic wings, 
which, in the state of rest, are folded up beneath them. The 
number of apparent somites of the abdomen is often much 
reduced. In the metabolous Neuroptera (Ant-lions, Caddis- 
flies, Scorpion-flies), in some of which the insect is more or 
less active during the pupa state, the parts of the mouth 
are, for the most part, very similar to those of the Ortho- 
ptera. In two groups of Neuroptera, however, the mouth 
becomes suctorial. Thus in the Trichoptera, or Caddis-flies, 
the labrum is elongated and grooved posteriorly; the 
mandibles are aborted, the bases of all the gnathites are 
united, and the labrum is a spoon-shaped body. In the 
Scorpion-flies (Panorpina), there is, according to Gerstfeldt, 
a proboscis formed in front by the elongated clypeus and 
labrum, and behind by the coalesced maxillse. The man- 
dibles are small, and the first maxillse much elongated. 
The ordinary four palps are present. 

The Neuroptera have two pairs of wings of a delicate 
reticulated structure. The metathoracic wings may or may 
not be folded. 

What appears to be a further development of this type 
of mouth is found in the Lepidoptera (Butterflies and 
Moths). The labrum and the mandibles abort, and the 
labium is represented only by a triangular plate which 
bear'stwd'Iarge palps. On the other hand, the maxillae, the 
palps of which are always very small, are often immensely 
elongated and applied together by their channelled inner 
faces, thus constituting a sucking proboscis (Fig. 106, 107). 
The wings, similar in character, and covered with minute 
scales, are rarely absent. Both pairs are used in flight. 

In the metabolous Diptera (Flies and Fleas, Fig. 108), the 
mouth is constructed upon the same plan as that of the Hemi- 
ptera, so far as the conversion of the labium into an organ of 
suction is concerned ; but usually the metamorphosis of the 
gnathites is cain-ied still further, and the niaxiUse h^ye palps. 
Thus in the Fleas, which are parasitic on mammals and 
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birds, what appears to be the labrum is an elongated, slender 
: style, which lies between the two elongated mandibles. 
JThe first maxillae are broad triangular plates, each with a 
four-joiSfced p^. The second maxillae (labium) are re- 
2)resented by a short median lamella, which bounds the 


Fig. 106. 


Fipj. 107. 



Fig. 106.— The head, A, and parts of the mouth, B, 
C, of Sphinx liffustrL — a, antenna ; 6, epicra- 
nium ; c. cornea ; d, clypeus posterior ; labrum ; 
/, mandible ; g, maxilla ; A, maxillary palpus ; 
kj labial ])alpus. B, base of the maxillm with 
the mandibles and labrum; C, lateral view of 
the same. (After Newport.) 



Fig. 107. — Fa/i- 

essa atalantu. 
— Inner or con- 
cave surface of 
the apical por- 
tion of the right 
maxilla ; o, 
transverse mus- 
cles ; b, canal ; 
c, papillae ; d, 
hooks which 
join the max- 
ill®. 


mouth behind and is provided with two, long palps, which 
resemble knife blades and are imperfectly divided into four 
joints. The three somites of the thorax are distinct, and 
ithe two hinder ones have lamellar appendages, which 
possibly represent wings. The abdomen has ten somites.* 

* See L. Laudois, ‘ Anatomic des Hundeflohes/ 1866. 




THE DIPTERA. 


427 


In those dipterous insects which are termed Pupipara, 
which are apterous, or nearly so, and parasitic upon 
mammals, birds and bees, a circular wall, or short pro- 
boscis, invests the other parts of the mouth. There are, 
first, two lateral, protrusible, homy plates ; secondly, 
an anterior and a posterior seta ; the latter stronger and 
grooved longitudinally in front. Between these is a single 
fine seta. Gerstfeldt considers that the last answers to 
the hypopharynx ; the second pair, to the labrum and the 
second maxillae ; the first pair, to the first maxillae ; and that 
there are no mandibles. 

The ordinary Diptera, which possess one pair of functional 
wings attached to the mesothorax, resemble the Hemiptera 
in possessing a usually fleshy proboscis, often tumid at its 

Fig. 108 . 


A 


Fig. lOS.— Syrphus ribesii.—Ay larva. B, pupa. C, imago. (‘ Regne 
Animal.’) 

extremity, which is formed by the confluent second maxillae. 
As in Hemiptera also, the labrum is a more or less elongated 
pointed plate, and the mandibles and maxillae are usually ter- 
minated by chitinous cutting setae (Fig. 109). But the bases of 
these parts are constantly united together ; there is a pair of 
maxillary palpi, and often a median, more or less styliform 
structure, usually considered to be the hypopharynx. It 
seems doubtful, however, whether this may not be formed by 
the coalesced terminations of the maxillsB. In the common 
House-fly, the labrum, mandibles, and maxillsB coalesce at 
their origins to constitute the base of the proboscis, which 
is mainly formed by the confluent second maxillas. Its 
longitudinal gi'ooved anterior face is overhung by the 
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elongated styliform labrmn. The gnathites here exhibit 
almost the extreme modification of the piercing and sucking 
l|/pe of mouth. 

Finally, the metabolous Hymenoptera with, usually, two 
pairs of reticulated scaleless wings present a series 
of modifications from the essentially masticatory mouth 
of the Ants to the partly masticatory d^nd partly suctorial, 


Fig. 109 . 



Fig. 109 . — ICristdHs foreus. — c?, front of the head ; e, labrum j y, inan- 
dible ; maxilla and palpus ; i, labium ; i* extremity of the labium 
separately and more magnified ; i**, inner surface of tlie paraglossfle ; 
I***, the rows of hairs on the inner surface ; /, the ligula ; the 
cardo and submentum. (After Newport.) 

or rather, lapping mouth, such as is met with in the 
Bees. In the latter (Fig. 110) the labrum is small; be- 
neath it, a median fleshy lobe — the epipharynx — over- 
hangs the minute aperture of the mouth. The mandibles 
; are strong with wide, almost spoon-shaped, extremities. 
; The part of the maxilla which appears to answer to 
I the lacinia in Blatta, is shaped like a knife-blade and 
folds upon the stout stipes, like a clasp-knife in its handle. 
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The shor^_ax!d^^alina9t^J*udimenW is attached to 

the extremity of the stipes. The cardines are long and 



Fig. 110. — (Upper figure.) i^ection of the head of Bomhus. 6, ocellus ; 
c, antenna ; d, clypeus ; c, labrum ; /, mandible ; epipharynx ; A, 
maxilla; i, cardo ; A, /, submentum and mentum ; w, m\ labial pal- 
pus; n, paraglossa; o, lingua or median process of the ligula; 
M, occipital foramen ; 1,2, sclerites of the hypopharynx. 

(Left lower figure.) Terminal portion of a maxilla. 

(Middle lower figure.) Epipharynx and hypopharynx magnified ; 1, 2, 
sclerites of the hypopharynx ; 3, cut end of the oesophagus ; 4, 
sclerites in the wall of the oesophagus and sides of the mouth ; 6, lip- 
like projection of the hypopharynx ; epipharynx. 

(Right lower figure.) a. Quadrate sclerite connected by a triangular 
piece with c, one of the lances of the sting ; 6, duct of the poison 
gland ; /, grooved median piece in which the lances play ; A, one of 
the lateral setose palpiform sheath-pieces ; genital aperture. 

slender and give rise to a hinge joint, whereby the 
maxillsB and labium can be folded back, like a carriage 
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step, under the head. The mentum is large, the labial 
palps long and slender ; there are two large paraglossso and, 
];>etween them, a median, annulated, setose, cylindrical 
organ proceeds, which either represents the lingua, or is an 
independent prolongation of the ligula. Functionally, this 
organ is a tongue, and enables the bee to lap up the honey 
on which it feeds. The mandibles and maxillae are em- 
ployed as cutting and modelling implements, but appear to 
have little or nothing to do with mastication, properly so 
called. 

The gnathites and the mouth are abortive in some 
insects, as the Day-flies, which take no food in the adult 
condition. The development of the different divisions of 
the alimentary canal varies greatly. Salivary glands are 
very generally present. In many suctorial insects, the 
ingluvies is a sac opening by a long duct into the gullet ; 
a distinct proventriculus, provided with chitinous ridges, 
may be present or absent. The ventriculus appears to be 
always devoid of an inner cuticula. It may be devoid 
of caeca or beset with short caeca throughout its whole 
extent. The number of the Malpighian tubes, which are 
sometimes branched, varies from two to a multitude. In 
many cases they have been found to contain uric acid ; but 
no biliary matter has yet been proved to exist in them. 
Anal glands are frequently appended to the termination of 
the rectum, and may secrete an acrid or stinking fluid. 

In some larvas [Myrmecoleo, Dytiscus) there is no proper 
median oral aperture, but canals which open on the ex- 
tremities of the mandibles lead into the oesophagus. The 
alimentary canal has no posterior opening in the larvae 
of many Hymenoptera, of Myrmecoleo and of the Pupipara. 
The salivary glands secrete the silken material in which 
the larvae of the Lepidoptera invest themselves ; while, in 
Myrmecoleo and the Hemerohidce, it is the rectum which 
furnishes the silk. 

The poison of the Hymenoptera is a fluid strongly im* 
pregfnated with formic acid, which is secreted by a special 
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gland and poiu'ed into a reservoir connected with the 
sting. 

In many winged insects both pairs of wings are de,-) 
veloped and take equal shares in flight (Hymenoptera, 
Lepidopiera, Neuroptera). In the Coleoptera, the anterior 
pair are converted into homy wing-covers {elytra)^ andj 
the posterior pair, much larger than the anterior and 
folded up under them when the insect is at rest, subseiwe 
flight. In the Dlptera the posterior wings are represented 
only by short processes, the halteres. In the Strepsiptera, on 
the other hand, it is the anterior pair of wings which abort. 
In all orders of winged insects, individual cases of complete 
abortion of the wings occur either in the female alone, or 
in both sexes. 

The posterior abdominal somites often undergo extensive 
modifications ; they may be small and retracted within the 
anterior somites, or they may even become more or less 
completely abortive. In many insects, processes of the 
somites in the genital region of the female, which answer 
to the gonapophyses of Blatta, are converted into organs 
which assist in the deposition of the eggs and are termed | 
ovipositors. The saws of the Saw-flies and the stings of' 
other Hymenoptera are to be regarded as specially modified j 
ovipositors.. The laborious and thoughtful investigations > 
of Lacaze-Duthiers * led him to the conclusion that all 
these organs are constructed upon the same plan ; that 
they are developed from that somite of the abdomen which 
lies immediately behind the opening of the vulva; that 
this opening is always situated between the eighth and the 
ninth somite ; and is therefore separated by three somites 
(the ninth, tenth, and eleventh), from the anus. 

According to Lacaze-Duthiers, in those insects which are 
provided with an ovipositor, saw or sting, the ninth somite 
always consists of a single median tergal sclerite, to the 
inferior angles of which are connected two small more or 
less triangular pieces, each of which carries a long styli- 

* “ Recherches sur Tarmure genitale femelle des Insectes." C Annales 
des Sciences Naturelles,’ 184y-1853,J 
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form appendage. There is a single median sclerite, which 
is the most important part of the boring apparatus; two 
^mall sclerites are united with the lateral angles of this 
piece, and there are two other elongated sclerites which 
constitute a valvular sheath. Thus, according to Lacaze- 
Duthiers’ view, in the sting of Bomhus (Fig. 94) h is one 
of the elongated lateral sternal sclerites, which with its 
fellow forms a sheath for the rest of the apparatus ; / is the 
median sternal sclerite; it is pointed and grooved on its 
sternal surface; while c, one of the lances, is a process 
of the tergal half of the somite. Each lance is sharp and 
slender, and its tergal edge fits upon the margin of the 
groove of the median style, in such a manner as to be able 
to slide backwards and forwards upon it. The sternal edges 
of the two lances meet in the middle line, and, together with 
the median sternal piece, enclose a canal which serves to 
convey the secretion of the poison gland into the wound 
made by the sting. In the operation of stinging, the median 
piece serves as a sort of “ director ” for the two lances. 

However, recent investigations into the development of 
stings and ovipositors,* e.g. the sting of the Hive-bee, and 
of the Wasp and the ovipositor of an Ichneumon-fly 
migrator), show that while the median grooved piece and the 
two sheath-pieces arise from papillse developed upon the 
sternal surface of the ninth abdominal somite of the larva, 
the lances are the result of the metamorphosis of papillse 
seated on the sternal surface of the eighth somite; and 
these papillae are so similar to those from which the limbs 
are developed, that it becomes (to say the least) probable, 
that they represent true appendages of the somites to 
which they are attached, rather than mere modifications of 
the sclerites of the body -wall, as Lacaze-Duthiers supposed 


♦ Kraepelin, “ Untersuchungen 
uber den Ban, Mechanismus und 
Entwickelungsgeschichte des 
Stachels der Bienenartigen 
Thiere” (‘ Zeitschrift fur W iss. 
Zoologie,’ 1873); and Dewitz, 
“Ueber Bau und Entwickelung 


des Stachels und dcr Lege- 
scheide.” (‘ Zeitschrift fiir Wiss. 
Zoologie,*1875.) See also the ob- 
servations of Packard, ‘ On the 
development and position of the 
Hyraenoptera/ 1866. 
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them to be. In like manner, the examination of the develop- 
jnent of the ovipositor of Locusta viridissima has proved 
that, of the three pieces of which each half of it is com^ 
posed, two are developed from the sternum of the ninth 
and one from that of the eighth somite. But the two 
median pieces of the ninth somite do not unite together to 
form a single piece grooved below, as in the hymenopterous 
sting or ovipositor. And observations which I have made 
on the development of the gonapophyses of Blatta, lead me 
to the conclusion that the posterior bifid pair are developed 
from the ninth, and the anterior curved pair from the 
eighth somite. In this case the latter will be the homo- 
logue of the lances of the Bee sting. 

Thus it would appear that, while there can be no doubt 
iis to the general unity of plan of ovipositors and stings, 
the view of Lacaze-Duthiers must be modified. It must 
])e admitted that these apparatuses appertain to the eighth 
and ninth somites, and not to the ninth alone ; and that 
there is much reason to suspect that their chief constituent 
parts are modified limbs. 

The male copulatory organs * are often very complicated, 
and their homologies have not yet been fully determined. 
Kmepelin {1. c.) who has examined the development of these 
pai’ts in the Drone, and the modifications found in herma- 
phrodite Bees, is led to the conclusion that they are developed 
from the eighth and ninth somites of the abdomen, and 
therefore are the homologues of the parts of the sting in 
the female. In the male Blatta, however, it is obvious that 
the male copulatory apparatus belongs to a more posterior 
somite than that upon which the female gonapophyses are 
developed. 

The heaii) usually has the form of a flattened tube, closed 
at its posterior end, but, in front, continued into the aorta, 

• 

* The male LibelluUdcs possess ordinary position, and hence, be- 
a peculiar copulatory apparatus fore copulation, the male has to 
developed upon the sternum of bend the extremity of his abdo- 
the second abdominal somite. men upwards in order to load 
The genital aperture has the this apparatus with spermatozoa. 
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which may be traced as far as the cerebral ganglia, and 
appeal’s to give off no branches. The sides of the tube 
present slit-like openings (ostia), which vary in number 
from two to nine pail’s ; and, when there are several pairs, 
each pair answers to a somite of the abdomen. The margins 
of the ostia may be simple, or may be produced inwards 
into folds which play the pai-t of valves. Muscular or 
ligamentous fibres may extend from the hypodemis 
the dorsal aspect of the heart, and serve to suspend it in 
place. 

The alary muscles, which in^most insects are fan-shaped, 
and lie in pairs, opposite one another, on each side of tbe 
heart, either unite in the middle line, or are inserted into 
a soi’t of fascia, on the sternal aspect of the heart, to whicli 
organ they are not directly attached. 

'The septum between the pericardial cavity and tbe 
general cavity of the abdomen thus formed, is termed by 
Graber * the pericardial septum. From their anatomical 
relations, therefore, the alary muscles can have nothing 
to do with the diastole of the heart, the pulsations of whicb 
indeed, go on just as well when the alai’y muscles are cut 
through. Graber throws out the very probable suggestion 
that the contraction of the alary muscles causes the peri- 
cardial septum to move towards the axis of the body, and 
by thus enlarging the cavity of the pei’icardium, facilitates 
the flow of blood to the ostia of the heart. The same 
investigator ascribes a special respii'atory function to tbe 
abundant trachea.* which are distributed to the walls of tbe 
pei’icardium, and which, undoubtedly, must tend to facili- 
tate the aeration of the returning blood. 

In many insects, a septum, provided with transverse 
muscles, overlies the abdominal nerve-cord and separates 
a ventral blood sinus, in which the cord lies, from tbe 
abdominal cavity. The sinus is tpen in front and, as tbe 
muscles of the septum contract rhythmically from before 

*■ “Ueber den propiilsationi- 1873), and “Ueber den pulsi- 
schen Apparat der In«ecten ” renden Bauchsinus der InsecteJi. 

(‘ Zeitschrift fiir Wiss. Zoologie,’ (Ibid., 1876.) 
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backwards, they tend to drive the blood which enters it 
to the posterior end of the body. 

In the respiratory system of insects the number erf 
stigmata is observed to vary from one to ten pairs. As a 
rule, none are found in the head,* or between the head and 
the first thoracic somite, and they are usually absent from 
the terminal somites of the abdomen A veiy common 
number is nine pairs ; the first being situated between the 
mesothorax and the metathorax, and the rest between the 
following somites. Only two pairs of stigmata are found in 
the Lihellulidce and Ephemeridw., and they are seated upon 
the thorax. In Nepa and Banatra, there is only one pair of 
abdominal stigmata, in addition to those in the thorax, and 
in the larvae of Tipulidtv. and of Hydrophilus, the stigmata 
are reduced to one terminal abdominal pair. The stigmatic 
openings are usually situated upon the sides of the abdomen, 
but in some Coleoptera (e. g. Dytiscus) they are doiml, and 
in many Hemiptera they are situated on the ventral aspect of 
that region of the body. Either the lips of the stigmatic 
aperture itself, or the walls of the tracheal trunk which arises 
from it, are so disposed as to constitute an occlusor apparatus, 
provided with a muscle, by the contraction of which com- 
munication with the external air can be cut off. This occlusor 
apparatus, long ago described in certain insects by Strauss- 
Durckheim, Newport, Burmeister, Siebold and others, has 
recently been specially investigated by Landois and Thelen,t 
who describe it as usually consisting of four essential parts : 
the bow (Yerschluss-biigel), the lip (Yerschluss-band), the 
lever (Yerschluss-hebel), and the muscle. The bow is a 
thickening of one-half of the circumference of the chitinous 
lining. The lip is fonned by the other half of the circum- 
ference, and the lever is a chitinous process connected with 
one end of the bow, or with the lip. When the lever is 
single, the muscle which is attached to it passes over the lip 

* Sir John Lubbock found the t “ Der Stigmenversch1u«»8 bci 
two spiracles of Srnyntliurus, to be d en Insecten.” (‘ Zeitschrift fiir 
situated on the under side of the Wissenschattlicbe Zoologie,’ 
head, immediately below the an- li:67.) 
tennse. F 2 
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and is inserted into the opposite end of the bow. When it 
contracts, it therefore presses the lip against the bow. When 
two levers are present, they are attached to opposite ends 
of the lip and bow, and the muscle extends between their 
extremities. The effect of its contraction is to thrust the 
free edge of the lip against the bow. 

The tracheal trunk which arises from a stigma may 
ramify without communicating with the rest ; but, usually, 
the ti*acheaB which proceed from each stigma enter into 
more or less extensive anastomoses. Very commonly the 
main trunks of each side give off wide anastomotic branches, 
which unite and form a longitudinal trunk on each side of 
the body, while transverse trunks often connect the main 
tracheae of opposite sides. 

I In many insects, especially those which possess gi’eat 
! powers of flight, more or fewer of the tracheae become 
! dilated into sacs, in which the spiral marking of the 
; chitinous lining is inteiTupted or disappears. In Bees 
' and Flies, a vast air-sac is thus developed, on each side of 
the abdomen, from the longitudinal anastomotic trunk. 

The aquatic larvae of many Orthojptera {Ephemeridw, 
Agrion, Caloptoyx) and Neuroptera, and of some Diptera, 
Lepidoptera, and Coleoptera, though provided with a fully- 
developed tracheal system, possess no stigmata. The 
somites of the abdomen or of the thorax are, however, 
provided with delicate foliaceous or filamentous pi’ocesses, 
into which branches of the tracheae enter and ramify. The 
air contained in these tracheae is therefore separated from 
that dissolved in the water only by a very thin layer of 
integumentary tissue, and an exchange of gaseous con- 
stituents between the two readily takes place. These are 
often called hranchice, but they are obviously of a totally 
different nature from true branchiae. The larvae of some 
Dragon-flies [Lihellula and ^schna) present yet another 
J form of respiratory organ. Although they possess a pair 
I of thoracic stigmata, these appear to have little or no 
! functional importance, but respiration is effected by pump- 
j ing water into and out of the rectum. The walls of the 
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latter are produced into six double senes of lamellae, in the 
interior of which tracheae are abundantly distributed, and 
which play the same part as the tracheal branchiae juSt 
mentioned. These rectal respiratory organs, in fact, appear 
to be a complicated form of the so-called “ rectal glands ” 
which are so generally met with in insects. 

The chief agent of the movements of expii'ation and 
inspiration in insects is the abdomen, the capacity of which 
may be diminished by the approximation of its terga and 
sterna, and the shoHening of its length by the retraction 
of its posterior into its anterior somites ; while it may 
be enlarged by movements in the opposite directions. 
When the cavity is enlarged, air inishes in at the stigmata, 
and when it is diminished, if the stigmata are open, expira- 
tion occurs ; but, if the stigmata are shut, the effect of the 
expiratory act must be to drive the air into the ultimate 
ramifi(!ations of the trachete. The movements of inspira- 
tion and expiration vary in rapidity with the condition of 
the insect. In the Bee, Newport observed that in the state 
of rest they were as few as forty, but that they rose to one 
hundred and twenty with muscular exei*tion. 

The air- sacs doubtless assist flight by the diminution of 
the specific gravity of the insect, which follows upon their 
distention. 

The sounds produced by insects * are, in a gi'eat propor- 
tion of cases, effected by the friction of hard parts of the 
integument one against the other. Thus the Grasshopper 
rubs the femur of the hind leg against a ridge on the anterior 
wing, and the chirp of the Crickets and Locusts is produced 
by the friction of the elytra. The pai’ts which thus rub 
together are provided with serrations and ridges, which 
have a constant and characteristic disposition. The longi- 
corn Beetles produce a sound by the friction of the tergum 
of the prothorax upon a process of that of the mesothorax, 
and the Dung-beetles by rubbing the coxse of the hind legs 
against the hinder edge of the third abdominal sternum. 

* See Landois, “Die Ton- und Stimm-Apparate der Insecten.” 
(‘ Zeitschrift fiir Wiss. Zoologie,’ 1867.) 
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Fm*t]ier, sounds are necessarily produced by tbe extremely 
rapid vibration of the wings, which characterises the flight 
oi many insects. Landois, however, found that the thorax 
of a Bluebottle fly continued to buzz after the sepamtion 
of the head, the wings, the legs, and the abdomen. The 
separation of the halteres weakened the sound but slightly. 
The acoustic apparatus, in fact, lies in the immediate 
neighbourhood of the thoracic stigmata. The main tnink 
of the tracheae dilates into a hemispherical sac, which opens 
externally by the stigmatic orifice. The sac presents a 
hooplike thickening, to which are attached free chitinous 
folds or processes, and it is to the vibration of these that 
Landois ascribes the sound. The vocal organ of the Fly 
would thus appear to be a modification of the occlusor 
apparatus of the stigmata, just as the organ of voice of 
mammals is a modification of the occlusor apparatus of 
their respiratory opening. 

In the Cicadm the vocal organs are, according to Landois, 
the posterior thoracic stigmata. These open into chambers, 
in the walls of which tense membranes are so disposed as 
to intensify the sound by their resonance. 

As in the Crustaceay so in insects, the central nervous 
system varies very much in the extent to which its com- 
ponent ganglia are united together. In most Orthoptera and 
Neuroptera and in many Coleopteray the thoracic and ab- 
dominal ganglia remain distinct and are united by double 
commissures as in Blatta. In the Lepidoptera, the thoracic 
ganglia have coalesced into two masses united by double 
commissures ; while in the abdomen there are five ganglia, 
with single or partially sepamted commissural cords. The 
concentration goes furthest in some Diptera and in tbe 
Strepsiptera, in which the thoracic and abdominal ganglia 
are fused into a common mass. 

A system of stomato-gastric nerves similar in its general 
arrangement to that of Blattay is very generally present. 

A special system of nerves, termed respiratory or transverse, 
is found in very many insects, both in the larval and in tbe 
perfect condition. The principal nerves of this system are 
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arranged in pairs on the sternal aspect of the body, and their 
outer extremities anastomose with branches of the ordinary 
peripheral nerves and are distributed to the muscles of the 
stigmata. Their inner ends unite into a plexus, which lies 
over the interval between two of the ganglia of the central 
nervous cord, and they are connected by longitudinal cords 
with one another, and with these ganglia. 

In insects, as in other ai-thropods, the branches of the 
neiwes which are distinbuted to the integument, and espe- 
cially those which pass to the bases of the larger or smaller 
setse with which the integument is provided, frequently end 
in minute ganglia. Hensen has shown that in the Crustacea, 
similar setae in all probability have an auditory function ; 
and Leydig, Hicks, Lespes, Landois, and others, have as- 
cribed functions of special sensation to these stnictures 
in insects. But whether these setae, on the antennae or 
elsewhere, subserve either hearing or smell, is still very 
doubtful ; and the only organs which can safely be regarded 
as auditory in insects, are those which occui* in Grasshoppers 
(Acrididee), Crickets (Achetldw), and Locusts {Locustidcc), and 
which were first accurately desciibed by Yon Siebold.* 
Recently, they have been studied by Leydig, Hensen, Ranke, f 
and Oscar Schmidt, J but it must be confessed that much 
obscurity still hangs over their minute structure. 

In the Acrididw, the chitinous cuticula of the metathorax 
presents on each side, above the articulation of the last 
pair of legs, a thin tympaniform membranous space sur- 
rounded by a raised rim. On its inner face, the cuticiilar 
layer of the tympaniform membrane is produced into two 
processes, one of which is a slender stem ending in a hollow 
triangular dilatation. A large tracheal vesicle lies ovei* the 
tympanic membrane, and between its wall and the latter, 
a nerve derived from the metathoracic ganglion, passes to 
the region occupied by the processes, and there enlarges int o 

* ‘Archiv fiir Naturgeschi- 1875.) 
chte,’ 1864. X Schmidt, “Die OehrorgancT 

t “ Beitrage zu der Lehre von der Heuschrecken.” (‘ Archiv 
den Ueberganga-Sinnesorganen.” fiir Mikr. Anatomic,’ 1875.) 

(‘ Zeitschrift fiir Wiss. Zoologie,’ 
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a ganglion, the outer face of which, beset with numerous 
glassy rods aiTanged side by side, is in contact with the 
l^ympaniform membrane. A neiwe arising from this gan- 
glion passes along a groove to the ‘ stem ’ and* ends in a 
ganglion in its dilatation. From this ganglion certain 
fine filaments proceed. 

In the Aclietidoe and LocustidcBf the tibiae of the fore legs^ 
present similar tympaniform membranes which are easily 
seen in the common Cricket, but, in other forms, become 
hidden by the development over them of folds of the cuticle 
of the adjacent region of the limb. Two spacious tracheal 
sacs occupy the greater part of the cavity of the tibia, and 
a large neiwe ends in a ganglion in the remaining space. 
Upon this ganglion a series of peculiar short rod-like bodies 
are set. 

The compound eyes of insects differ only in detail from 
those of the Crustacea. 

In the ocelliy or so-called simple eyes, a sclerotic, a cornea, 
a lens, a vitreous humour, and a choroid coat, have been 
distinguished, and the whole organ has been compared to 
the vertebrate eye. But the ‘ lens ’ appears to be always a 
mere thickening of the cuticle which constitutes the comea, 
and the so-called ‘ vitreous humour ’ is partially or wholly 
made up of crystalline cones analogous to those which arc 
found in the compound eye. In this respect the ocellus 
of the insect resembles the simple eye in Arachnida and 
Crustacea.* 

Many insects, as the Glow-worm and Lantern-flies, are 
remarkable for their power of emitting light. 

According to Schulze f the males of Lampyris splendiduh 
possess two photogenic organs, which lie on the sternal 
aspects of the penultimate and antepenultimate abdominal 

♦ Leydig, ‘ Bas Auge der f “ Zur Kenntniss der Leuclit- 
Gliederthiere,* Bb4. Landois, organe von Lampyris splnirh- 
“ Die Raupenauge ” Zeitschrift dula!' (‘Archiv fur Mikr. 
fiir Wiss. Zoologie,* 18b6), and Anatomie,’ 1855.) See also Xdl- 
“Zur Entwickelungsgeschichte liker, ‘ Wurzburg Phys. Med. Go- 
der facettirten Augen von Ttme- sellschaft,* 1857. 
hris molitor** (Ibid., 1867). 
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somites. Each is a thin, whitish plate, one face of which 
is in contact with the transparent chitinous cuticnla, while 
the other is in relation with the abdominal nerve-cord ani 
the viscera. The sternal gives out much more light than 
the tergal face. The photogenic plate is distinguishable 
into two layers, one occupying its sternal and the other its 
tergal half. The former is yellowish and transparent, the 
latter white and opaque, in consequence of the multitude of 
strongly refracting gi-anules which it contains. Tracheae 
and nerves enter the tergal layer, and for the most part tra- 
verse it to terminate in the sternal layer, which alone is 
luminous. Each layer is composed of polygonal nucleated 
cells. The granules are doubly refractive, contain mac acid, 
and probably consist of urate of ammonia (Kblliker). Hence 
the cells of the layer which contain them are termed by 
Schulze the “ urate cells,” while ho calls the others the 
“ parenchyma cells.” The branches of the tracheae which 
ramify among the parenchyma cellb end, like those of other 
parts of the body, in stellate nucleated coi^uscles, one pro- 
cess of the corpuscle passing into a ramification of the 
trachea. Schulze is inclined to think thaCt the other pro- 
cesses end in parenchyma cells. 

The neiwes of the photogenic plates are deiaved from 
the last abdominal ganglion ; they branch out between the 
parenchyma cells into finer and finer branches, which even- 
tually escape observation. 

The female reproductive organs of insects consist of the 
ovarian tubes, or ovarioles, with their so-called peritoneal 
investments, and of the oviducts, which unite into a vagina ; 
while a spermatheca, and, generally, accessory glands open 
into, or close to, the vagina. 

The ovarioles may be few or very numerous. Each 
consists of an external structureless memhrana propria, 
within which lies a solid columnar mass composed of cells. 
The anterior, usually tapeiing, end of this ovarian mass is 
composed of protoplasmic substance in which nuclei are 
imbedded, but in which the contours of the cells which they 
indicate are not distinguishable. Further back, some of 
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these nuclei enlarge, become suiTounded by an accumu 
lation of protoplasm, and constitute the primitive ova 
fEach primitive ovum is separated from its fellow by i 
layer of nucleated protoplasm which thus fomis a capeub 
around it. In some insects, such as Blatta, the capsiiU 
is hardly distinguishable in those ova which lie between tbt 
smallest and those of middling size, which follow the formei 
in order from before backwards. But, in the larger ova whicli 
succeed these, the cells of the ovicapsule rapidly enlarge 
in a direction pei'pendicular to the surface of the ovum, 
and constitute a very well-marked epithelial layer. I am 
inclined to believe that, for some time, an addition is made 
to the vitellus of the egg by these epithelial cells, and that 
they, in fact, play the part of vitelligenous cells. But however 
this may be, before long, a delicate structureless lamella 
appears on the surface of the vitellus and encloses the egg 
as a vitelline membrane. The epithelial cells of the ovi- 
capsule next secrete from their surface a thicker, often 
ornamented, layer of chitinous substance, which constitutes 
the chorion, and the egg is complete. 

The ovarian mass, therefore, as Waldeyer has justly 
pointed out, corresponds with one of the epithelial tubes 
of the ovary of a vertebrated animal, and the ovicapsules 
answer to Graafian follicles. 

In some insects, as Aphis, the indifferent tissue of the 
anterior end of the ovarioles gives rise not only to ov:i 
and ovicapsular epithelium, but to large vitelligenous celh. 
These stay in the dilated anterior chamber of the ovarian 
tube. But each ovum is originally connected by continuity 
of substance with one of these cells, and the pedicle of 
connection may be traced even to the second and third 
ovum. It seems probable, therefore, that these “ vitelligenous 
cells,” for some time, supply material to the gi'owing ova. 

In most insects, similar vitelligenous cells are found ; but 
they are situated at the anterior end of each ovicapsule, so 
that, as the column of ovicapsules lengthens by the addition 
of new ovicapsides to its anterior end, the vitelligenous cells 
are interposed between every two ova. The vitelline 
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brane and tlie chorion first invest the posterior extremity 
and the sides of the ovum ; and, for some time, leave an 
opening at the end of the ovum adjacent to the vitelligenouS 
cells. This opening is usually only pai’tially closed, and 
what remains of it constitutes the aperture or apertures, 
termed the micropyle, through which the spermatozoa 
enter when the egg is fecundated. The vitelligenous cells 
usually remain outside the ovum, and eventually undergo 
degeneration ; but, in many Viptera, they become enclosed 
v/ithin the coats of the ovum and their substance is merged 
in that of the vitellus. 

Dr. A. Brandt has proposed the term panoistic for ovanes 
of the first mode, and meroistic for those of the second 
and third modes of development of the ova here descnbed. 
So far as is at present known, only the Orthoptera and the 
Fulicidm possess panoistic ovaria. 

The peritoneal coat of the ovarioles is a cellular structure, 
containing many trachea3 and, frequently, muscular fibres. 
It is iisually extended beyond the anterior end of each 
ovariole into a filamentous process, which after uniting with 
those of the other ovaidoles of the same side, is continued 
into the pericardial tissue. At its opposite extremity it 
passes into the walls of the oviduct, which are muscular and 
are lined by an epithelium. 

The development of the ovaiua has been traced in Diptera 
and Lepidoptera. Each ovary is, at first, a rounded mass of 
indifferent tissue, from which a filiform prolongation is 
given off backwards; this has not been traced into con- 
nection with any other organ, and appears to terminate by 
a free end. The mode of origin of this rudimentaiy, or 
primary, ovarium is unknown, but the first step towards the 
formation of the genital organs is the separation of thf? 
peripheral indifferent tissue from the central portion, and 
the division of the latter into as many elongated solid 
cellular bodies as ovarioles are to be formed. The peri- 
pheral cells become the peritoneal layer. Each cellular 
rudiment sun’ounds itself with a structureless membrane, 
and then elongates into an ovariole, some of the cells filling 
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tlie posterior end of wliich tlien become differentiated 
into the first primary ovum and its capsule, with or with- 
<T)ut vitelligenous cells. The contents of each ovariole 
must therefore be regarded as a column of generative 
cells, which instead of burrowing in the stroma of an ovary, 
and becoming divided into ovisacs, as in a vertebrated 
animal, grows straight backwards, and, as it grows, becomes 
divided into ovisacs, of which the oldest and most advanced 
is the hindermost. 

Nothing is certainly known respecting the origin of the 
vagina or the oviducts, though it may be suspected that 
the posterior prolongations of the primary ovaries give rise 
to the latter. 

The development of the testes takes place in the same 
manner as that of the ovaries, but the contents of the testi- 
culai’ tubes become converted into spermatozoa. The origin 
of the vasa deferentia is unknown.* 

In most insects, the vitellus undergoes partial yelk- 
division. In some Poduridce^ however, complete division 
has been observed. The development of the blastodem 
takes place in the same way as in other Ai'thropods, and 
the cephalic end of the embryo terminates in two procephalic 
lobes. In many insects, the periphery of the blastoderm, 
external to the longitudinal thickening which gives rise to 
the sternal region of the body, and which may be termed the 

* The account given above of Entwickelung der Musciden ” 
the structure of the ovarian tubes (‘ Zeitsclirift fur Wiss. Zoologie,’ 
m Blatta and is based on xiv.); Bessels, ‘‘Entwickelung 

my own observations, which are der Sexualdriisen bei den Levi- 
in pretty close accordance with dopteren ” (‘ Zeitschriftfiir Wiss. 
those of A. Brandt, “ Ueber die Zoologie,’ 1857); and Von Sie- 
Eirohren der Blatta (Periplaneta) bold, ‘ Beitrage zur Partheno- 
oriewta/Zs” (‘ Mem. de I’Acad. St, genesis der Arthroj)oden,’ 1871. 
Petersbourg,’ tome xxi., 1874). The various forms of the micro- 
The literature of the subject is pyle and the structure of the 

somewhat extensive. See espe- chorion are dealt with by Leuc- 

cially Ley dig, “ Die Eierstock kart, in his elaborate memoir, 

und die Samentasche der Insec- “ Vieber die Micropyle und den 

ten” (‘ Nova Acta,’ xxxiii.,1867); feineren Ban der Schalenhaut bei 
Lubbock, ‘‘ The ova and pseudova den Insekteneiem” (‘Muller’s 
of Insects” (Phil. Trans., 18.58); Archiv,’ 1855.) 

Weismann, “Die nachembryonale 
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sternal hand (‘ Keimstreif * of tlie German embiyologists), 
^fives off a lamina which grows inwards over the sternal face 
of the embryo, and eventually forms a complete investment^ 
thereto. The lamina may be fonned by a single layer of cells, 
or it may, from the first, be a fold of the blastoderm and thusi 
consist of two layers, the inner of which is continuous with; 
the sternal band, and the outer with the blastoderm which 
invests the tergal surface of the vitellus. In the latter^ 
case, it becomes strictly comparable to the amnion of a 
vertebrated animal ; and, when the folds have united in 
the middle line, the investment in question is distinguishable 
into an outer membrane, which answers to the lamina 
serosa, and an inner, which coiTCsponds with the amnion 
proper of the vertebrate embryo. In some cases, the vitel- 
line substance fills up the interval between the lamina 
serosa and the amnion, so that the sternal band and 
the latter form a sac plunged into the interior of the 
yelk. 

The development of a more or less complete amniotic 
investment has been observed in Orthoptera {Libellula), 
Coleoptera, Hemiptera, Hymenoptera, Lepidoptera, and Dip^ 
ter a, but it does not appear to be universal. 

Agamogenesis is of frequent occurrence among insects, 
and occurs under two extreme forms ; in the one, the parent 
is a perfect female, while the germs have all the morpho- 
logical characters of eggs, and to this the term partheno- 
genesis ought to be restricted.* In the other the parent 
has incomplete female genitalia, and the germs have not 
the ordinary characters of insect eggs. 

In Coccus {Lecanimn) hesperidum, in Chermes abietis and 
pini, no males have yet been observed; but the perfect 
females produce ova, out of which only females proceed. It 
is X-)robable that many species of gall insects {Cynips) are in 
the same predicament. 

* The excellent * Beitrage zur the statements in the text respect- 
Barthenogenesis ’ (1871) of Von ing Agamogenesis in Insects. . 
Siebold is my chief authority for 
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The unimpregnated, apterous, caterpillar-like females of 
the Lepidopterous genera Psyche and Solenohia, lay eggs 
,put of which only females issue. The males occur but 
rai’ely and locally, and, from the impregnated eggs, males 
and females issue in about equal numbers. 

Leiickart discovered that the ovai-ies of so-called neuters 
among wasps, hornets, humble-bees, and ants, often contain 
more or less well- developed eggs, and that in the wasps and 
humble-bees, such eggs are laid and develope young, tbe 
sex of which was not ascertained. Von Siebold has ob- 
seiwed that the neuters of Polistes gollica are distinguished 
from the pei’fect fertilisable female, by little more than 
their smaller size, and that they possess completely deve- 
loped female organs. These neuters, or rather, small females, 
laid eggs which developed, and gave rise only to male 
Polistes. The unimpregnated females of a Saw-fly, Nematm 
ventricosns (the larva) of which are known as goosebeiTv 
catei'pillars) regularly lay eggs, which develope and produce 
male offspring. 

The terms arrenotoTcous and thelytokous, have been pro- 
posed by Leuckart and Yon Siebold to denote those par- 
thenogenetic females which produce male and female young 
respectively. 

In the case of the Hive-bee, it has been ascertained that 
the queen either impregnates, or does not impregnate, the 
eggs when they are laid. The spermatheca, in which the 
spermatic fluid, introduced by the single act of copulation 
which takes place, is contained, contracts as the eggs pass 
along the vagina, in the former case, and remains passive 
in the latter. The unimpregnated eggs give rise to males 
or drones ; the impregnated eggs to females, which become 
neuters with imperfect reproductive organs, or queens, 
with perfect organs, according to the nutriment which they 
receive. 

In the Aphides, ova deposited by the impregnated females 
in the autumn are hatched in the spring, and give rise to 
forms which are very generally wingless, and bring forth 
living young. These may be either winged or wingless, and 
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are also viviparous. The number of successive viviparous 
broods thus produced, has no certain limit, but, so far as 
our present knowledge goes, is controlled only by tempera^ 
ture, and by the supply of food. Aphides kept in a waim 
room and well supplied with nourishment, have continued 
to propagate viviparously for four years. 

On the setting in of cold weather, or, apparently, on the 
failure of nourishment alone, in some cases, males and 
females are produced by the viviparous forms. The males 
may possess wings, or may be devoid of them. The females 
appear invariably to be apterous. Copulation takes place 
and the eggs are laid. 

Sometimes viviparous forms co-exist witli the male or 
female forms, and some viviparous Aphides arc known to 
hybernate.* 

The viviparous foinns differ essentially from the ovi- 
parous forms in the structure of their reproductive organs. 
They possess neither speniiatheca‘ nor colleterial glands, 
both of which, as Yon Siebold first demonstrated, are 
present in the females. The young are developed within 
organs which resemble the ovarioles of the true females in 
their disposition and may be termed pseudovarles. The 
terminal or anterior chamber of each pseudovarian tube is 
lined by an epithelium, which encloses a number of nu- 
cleated cells. One of the hindeimost of these cells enlarges 
and becomes detached from the rest as a pseudo vuni. It 
then divides and gives rise to a cellular mass, distinguish- 
able into a peripheral layer of clear cells and a central more 
granular substance, which becomes sun’ounded by a struc- 
tureless cuticula. It is this cellular mass which gradually 
becomes fashioned into the body of a larval Aphis. A 
portion of the cells of which it is composed becomes con- 


* Huxley, “ On the Agamic 
Reproduction and Morphology of 
Aphis.” (‘ Linnean Transac- 
tions,’ l8o7.) 

The papers of M. Balbiani 
(‘Ann. des Sciences Naturelles’ 
1869, 1870, and 1872) should be 


consulted, not only on account of 
their richness in details, but for 
the peculiar views which the 
author entertains respecting the 
nature of the reproductive pro- 
cess in the Aphides. 
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verted into a pseudovarinm, and tlie development of new 
pseudova commences before the young leaves the body of its 
parent. It is obvious that this operation is comparable to 
a kind of budding. If the pseudovum remained adherent 
to the parental body, the analogy would be complete.* 

The agamogenetic multiplication of CecidomyiaAaxwdd is 
an essentially similar process. Professor Nicolas Wagner, 
of Kasan, f discovered that the larvae of a Dipterous insect 
belonging to the genus Cecidomyia, or to a closely -allied form, 
(Miastor) multiply agamogenetically in the autumn, winter, 
and spring. In summer, the final terms of the successive 
broods of grubs thus produced are metamoi’phosed into 
males and females, which copulate and lay eggs. From 
these, larva) which exhibit the same phenomena, emerge. 
In this case, the young are all developed from germs which 
are found lying loose in the perivisceral cavity of the 
parent, the body of which they destroy and burst in order 
to become free. Leuckart, Metschnikoff, and Gauin,J have 
shown that these germs are detached from the pseud- 
ovarium, which occupies the place of the rudimentary 
ovarium ordinarily found in larvae ; and that each represents 
the egg-chamber of an ordinary insect ovariole with its 
epithelial capsule, ovum and vitelligenous cells. 

In the ordinary process of growth of an insect, from 
the time it leaves the egg until it attains the adult con- 
dition, every marked change in the outward form of the 

* Leydij; (“ Die Eierstock und side of sexual propagation is in 

die Samentasche der Insecten,” itself nothing unprecedented, 

* Nova Actu,’ 18G7) aliirms that in e g. Pgrosoma, 

November he has met with t K. E. von Baer, “Bericht.’' 
Aphides in which, in the same (‘ Bulletin Acad. St. Peters- 

animal, some of the ovarian tubes bourg,’ 1863.) 

contain fully formed ova, and J Ticuckart, “Dieungeschlecht- 
others pseud -ova, undergoing licheVermehrungderCecidomy- 
their ordinary method of develop- ienlarven” (‘Gbttinger Nach- 

ment. Dnfortunately no infor- richten,* 186.D ; K. von Baer, 
mation is afforded as to whether “ITeberProf. Nic. Wagner’s Ent- 
these aphides possessed a sperma- deckung,” &c. (‘ Melanges biolo- 
theca, and showed evidence of giques tires du Bulletin de 1’ Acad 
impregnation or not. The oc- Imp. des Sciences de St. Peters- 
currence of agamogenesis along' bourg,’ 1865). 
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body, or of its appendages, is accompanied by a shedding 
of the cnticula. In some cases the modification effected 
at each ecdysis is very slight, and the moultings of tb^ 
cuticle are numerous, amounting in a species of Day-fly 
[Chloeon), described by Sir John Lubbock, to as many as 
twenty. In such a case as this, the stmcture of the adult 
is gradually substituted for that of the larva, and the 
organs of the larva, for the most pai-t, pass into those of 
the adult. 

The like holds good of some insects which undergo 
metamorphosis, that is to say, in which a quiescent pupal 
condition is interposed betw(^(m the active larval and the 
active imaginal states. Herold and JSTewport have de- 
scribed at length the series of changes by which the elongated 
ganglionic chain of the Lcpidoj)terous ctiterpillar is con- 
verted into the much more highly concentrated nervous 
system of the Butterfly; and Weismann has shown by 
what gradual steps the iipodal 0orc-7molarva acjquires the 
character of the Dipterous imago. But, in the Flesh-flies 
[Musca), and probably in many other members of the 
division of the Diptera to which they belong, the apodal 
maggot, when it leaves the egg, can-ies in the interior of its 
body certain regularly arrangcid discoidal masses of in- 
different tissue, which are termed imaginal disks* Of 
these, twelve are situated in tlu^ thoracic region, two on 
each side of each thoracic segment, while two others lie in 
front of the pro- thoracic disks. These imaginal disks 
undergo little or no change until the larva encloses itself 
in its hardened last-shed cuticle, and becomes a pupa. But 
they then rapidly enlarge ; each of the sternal thoracic disks 
gives rise to a leg and to its half of the sternal region of 
the thorax, while the tergal disks develope into the tergal 
halves of the corresponding somites, with their appen- 
dages, the wings and the halteres. The anterior pair of 
disks originate the head and proboscis of the fly. As the 
imaginal disks develope, the pre-existing organs contained 

* See the remarkable memoir of Weismonn, * Die nacherabryonale 
Entwickelung der Muscidcu.’ 

2 G 
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in tlie tead and thorax of the larva, undergo complete ov 
partial resolution. On the other hand, the abdomen of 
l^e fly is produced by the continuous modification of the 
constituents of the larval abdomen. 

As in the Crustacea^ so in Insecta, the parasitic habit is 

Fi*;. 111. 



Fig. 1 1 1 .— The left-hand figure represents an adult female of Sfyhps 
(iterrimus containing two nearly hatched eggs, and the right-hand 
figure, a newly born larva of Stylops on a hair of Andrmna Trim- 
int-rana. A, ventral surface of the thorax ; B, the abdomen ; n, 
mandibles; fe, labial plates and mouth; c, vulva; I, ‘2, 3, the three 
thoracic segments united. (After Newport.) 

accompanied by extreme modification of form. In this 
respect the Strepsiptera, which are parasitic upon Bees, 
present a remarkable history. The female (Fig. Ill) has the 
form of a sac with a short neck, and never leaves the body 
of the Hymenopteran in which she is parasitic. Tbe males, 
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on the contraiy, are exceedingly active insects provided 
with a single pair of wings, which are attached to the 
metathorax, while the mesothorax ha« a pair of twiste^ 
appendages in the place of wings. 

The larva) of both males and females when they leave 
the egg, are minute active hexapod insects (Fig. Ill), with 
laidimentary manducatory organs, and are found creeping 
about between and on the hairs with which the abdomen of 
their host is provided. In this condition they are carried 
into the nests of the bees, and they attack the larvae of the 
latter, boring their way through the integument into the ab- 
dominal cavity of the grub. Here they cast their cuticle and 
become changed into sluggish apodal grubs, provided with 
a mouth, with rudimentary jaws, and with an alimentary 
sac, but devoid of an anus. About the time that tlie Hymen - 
opterous larva passes into its imago state, the Strepsipteral 
larva thrusts the anterior end of its body (the so-called 
cephalo-thorax) between two of the aodominal segments of 
the bee, so that it projects externally. The male becomes a 
pupa, and eventually makes its way out as a winged insect 
The female on the other hand undergoes little change of 
outward form, but presents an opening, which plays the part 
of a vulva, and enables the male to effect the fecundation 
of the eggs. These are developed within the body of the 
female, and make their way out by the cleft in question.* 

The Ichneumon-flies deposit their eggs within the bodies 
of the larvae of other insects, and the grubs thence hatched 
devour the corpus adiposum of their host. The laiwae of 
some of these parasites (Platygader, Teleas), described by 
Ganinf are extraordinarily unlike other insect larvae, and 
have a certain resemblance to Copepoda. 

* See Von Siebold, “Ueber Oil-beetle, Melde^^ (Linn. Trans. 
Strepsipteren ” (‘ Archiv fiir Na- 1847). 

turgesciiichte,’ 1843), and New- f * Zeitschr. fur Zoologie,M861‘. 
port, “Natural History &c. of the 
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CHAPTER VIII. 

THE POLYZOA, THE BRACHIOPODA, AND THE MOLLUSCA. 

However diverse in outward appearance and in complexity 
of organisation tlie multitudinous forms of animals whicb 
have been described in the preceding four chapters (Chap. 
IV. to VII.) may be, the student passes from one to the 
other, by easy and natural gradations, from the simple 
Turbellarian at the bottom, to the most highly differen- 
tiated Arthropod at the summit of the series. But with 
the higher Crustacea, Arachnida and Insecta the scale ends ; 
from none of these are we led to any higher fonn of animal 
life. 

The Cuttle-fish, the Whelk, the Snail, and the other 
inmmierable forms of animals with univalve, bivalve, 
and multivalve shells, which are commonly known as 
Mollusca, are so widely different, not only from the Arthro- 
poda, but from all the higher members of the group of 
Worms (Chap. V.) that any connection with these seems, at 
first, to be wanting. The segmentation of the body, which 
is so conspicuous a feature of the gi’eater number of the 
members of the series which ends with the Arthropods, is 
absent ; limbs are wanting ; instead of the equality of the 
neural and hamal faces of the bilaterally symmetrical body, 
and the consequent remoteness of the oral and anal aper- 
tures, which is usual among the Arthropods and Worms, 
these two faces are usually unequal. The haemal face is 
often produced into a longer or shorter cone ; the anus is, 
as a rule, approximated to the mouth ; and, very often, the 
haemal face of the body is asymmetrical. 

The higher MoUusks, in fact, form the final term of a 
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series of their own, which commences in the Polyzoa, with 
animals which have many resemblances to the Botifera. 

• 

The Polyzoa or Bryozoa. — In outward form these 
animals bear a general likeness to the Sertularian Hydrozoa, 
with which they were formerl}^ confounded under the name 
of “ Corallines.” Like the Sertularians, they almost always 
form compound aggregations, produced by repeated acts 
of gemmation from the primitively single embryo, and have 
a hard cuticular exoskeleton, which remains when the soft . 
parts decay. The compound organism thus formed is 


Fi-. 112. 



Fig. 112,— A portion of the polyzoarium of Plumatella repena (after 
Allman).* 

termed a Polyzoarium (Fig. 112), and each zooid which buds 
from the common stock is a Polypide. The outer, chitinous 
or calcified, cuticular exoskeleton, is termed the ectocyst, 
and, as the rest of the body of the polypide is contained in, 
or can be retracted into, the hard case thus formed, it is 
commonly termed a “ cell.” 

The proper ectoderm, with the parietal layer of the 
mesoderm which lines and secretes this cell, is termed the 
endocyst. The mouth is situated on a disk, termed the 

* ‘ Monograph of the Fresh- water Polyzoa,’ 1866. 
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lopliophore, at the free end of the polypide; and the 
margins of the lophophore are produced into a number 
o*i richly ciliated tentacula. At the oral aperture, the 
ectoderm passes into the endodermal lining of the ali- 


Fig. 113. 



Fig. 1 X^.—Plumatella repens . — A single cell more magnified ; a, ectocyst . 
endocyst ; m, calyx at the base of the ciliated tentacula borne b> 
the disk or lophophore ; k, mouth ; /, gullet; g stomach ; h. intes- 
tine ; I, anus ; n, muscles ; u;, nervous ganglion ; z, statoblasts ; 
funiculus. (After Allman.) 

mentary canal, which is almost always divided into three 
portions, a long and wide pharynx, a spacious stomach, and 
a narrow intestine. The latter is always bent up nearly 
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parallel with the pharynx, and terminates in an anus 
situated beside the mouth. As the nervous ganglion is 
placed between the mouth and the anus, the flexure of the 
intestine is neural,^ and the haemal face of the body is 
developed greatly in excess of the neural face. A wide 
perivisceral cavity occupies the interval between the ali- 
mentary canal and the parietes of the body, and sometimes 
the walls of tliis cavity are ciliated. V^ery generally, the 
gastric division of the alimentary canal is connected with 
the parietes of the body by a sort of ligament, the faniculus, 
or gastro-parietal hand. Circular and longitudinal muscular 
fibres, which frequently exhilut distinct transverse stida- 
tions, may be developed in the body-wall; and there are 
usually special muscles for the retraction of the lophophore 
within the cell, and others for the closing and opening of 
the opercular apparatus, with which many species are 
provided. 

The single nervous ganglion is situated, as has been 
stated, between the oral and the anal apertures. In 
Sermlaria, Scmpocellaria and some other genera, nervous 
cords and plexuses connecting the ganglia of the several 
polypides and constituting what F. Muller f terms a 
“colonial nervous system,” have been described. But it is 
not yet certain that these cords and plexuses are really 
nerves. It is doubtful if there are any special organs of 
sense, unless a lobed process —the epistoma, — which over- 
hangs the mouth in many fresh-water Polyzoa, be of this 
nature. The ectoderm of that region of the body which lies 
immediately beneath the tentacula is always soft and flexi- 
ble ; and when the lophophore is retracted, becomes in vagi - 
nated, so as to form a sheath, by which the tentacles are 
protected. Sometimes, as in the Ctenostomata^X this sheath 


* In dealing with the morpho- 
logical relations of the parts of 
Mollusks, it is very necessary to 
employ a terminology which shall 
he independent of the ordinary 
position of the animals. I there- 
fore term that face of the body 
on which the chief nervous cen- 


tres, or the pedal ganglia (when 
such are separately distinguish- 
able) are placed, neural, and the 
opposite havial. 

t ‘ Archiv fur Anatomic,’ 
1860. 

J Farre, Observations on the 
minute structure of some of the 
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is surrounded by a circle of cbitinous filaments, which, when 
the tentacles are retracted, furnish a protective outer cover- 
fir^ to them. And, sometimes, as in the Cheilostomata* part 
of the ectocyst of the polype cell is disposed in such a 
manner as to constitute a moveable lid, which shuts down 
on the retracted polypide. This operculum is placed on the 
opposite side of the polypide to that on which the nervous 
ganglion is situated. 

In many genera, the cells are provided with flagelliform 
fig. 114. 



Fig. 114. — Scrvpocillaria ferox.-^^ siuall portion of & polj'zoarium, 
showing the vibracula (a). (After Busk.)* 

appendages — the vihracuJa (Fig. 114). These are usually 
articulated with short dilated processes of the ectocyst, and 


higher forms of Polypi ’’ (‘ Phil. 
Trans.’ 1837). Reichert, “ Peber 
Zoobotryon pellncidus" (‘ Abh. d 
Konigl. Akad. der Wissenschaft- 
en/ Berlin, 186 ). 

Busk, ‘ Catalogue of the 
Marine rolyzoa in the British 
Museum: Chilostomata,’ 1852-54, 


See for this group Nitsche’s re- 
cent important “ Beitrage zur 
Kenntniss der Bryozoen ” (‘ Zeit- 
schrift fur 'W'iss. Zoologie,’ 1869- 
71). 

f ‘ Catalogue of Marine Poly- 
zoa,’ 18.i2. 
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execute constant lashing movements. In others, bodies 
shaped like birds’ heads, with a movable mandible, and 
either seated upon slender and flexible peduncles or sessil^, 
snap incessantly. Sometimes these last, which are termed 
avicularia (Fig. 115), are present along with vibracula. 

Fi-. 115. 



Fi;;. 11."). — Bugula avicularia . — A, part of the polyzoariiim viewed from 
the neural side, showing the tentacles of a polypide protruded from 
its cell (A) ; the intestine (/) and the stomach and gullet (/) ; re- 
tractor muscles ; d, c?, avicularia. One of these is holding a minute 
worm which it has seized. In front ol this is seen an ovicell. 

B, a retracted polypide with an avicularium (</), viewed from the 
haemal or dorsal side. 

The dilated bases of the vibracula contain muscles by 
the contraction of which the flagelliform appendage is 
moved. In the avicularia, a large adductor muscle, which 
takes its origin from the greater part of the inner surface 
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, of the “head,” is attached by a slender tendon to the 
“mandible” on the one side of the hinge line, while a 
smaller divaricator mnscle is fixed to the other side. The 
mechanism of adduction and divarication of the mandible 
is quite similar to that by which the dorsal valve of the 
shell of an articulated Brachiopod is moved upon the 
ventral valve. 

Male and female reproductive organs are usually com- 
' bined in the same polyq)ide. They are cellular masses, 
developed in the funiculus, or in the parietes of the body, 
whence the ova or spermatozoa are detached into the 
perivisceral cavity. They sometimes pass thence, and 
undergo the first stages of their development in dilatations 
of the wall of the body, termed ovicells. 

Multiplication by gemmation occurs throughout the 
group, but the buds usually remain adherent to the stock. 
In Loxosoma and Pedlcellinaf however, the buds become 
detached. 

Some Polyzoa multiply agamogenetically by a kind of 
gemmule developed in the fmiiculus, provided with a peculiar 
shell, and termed a statohlast. 

With these general characters, the Polyzoa present an 
interesting series of modifications. They have been divided 
( by Nitsche into two groups — the Enioprocta, in which the 
anus lies within the circle of tentacles ; and the Ectoprocta. 
i in which it lies outside this circle. In the former division, tlie 
genus Loxosoma,^ which attaches itself to Sertularians and 
to other Polyzoa, is particularly notewoi’thy. It is a small 
stalked animal, and the superior wider end of the body is 
ian obliquely truncated disk, the margins of which are elon- 
‘gated into ten ciliated processes. The mouth is a trans- 
jversely elongated, slit-like aperture on the lower side of 
the tentacular circlet, A long oesophagus connects this 
with a globular csecal gastric sac. From the midst of the 

• Kowalewsky, “ Bcitraj^e zur St. Petersbourg,’ 1866). Osrnr 
Anatomie uiid Fntwickelungs- Schmidt, “ Die Gattung L‘'X(>- 
goschicjhte des Loxosoma neapoli- soma ” (‘ Arcliiv fiir Mikr. Anat. 
taiiuna ” (‘Mem. de I’Acad. de 187.')). 
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disk, a conical prominence, the summit of which bears the 
anus, is situated. The sexes are united, the ovaries and 
testes being situated on each side of the stomach, and tht 
spermatozoa pass directly into the ovaries. No nervous 
system has yet been made out in Loxosoma. The animal is 
fixed by the truncated extremity of its naiTow stalk-like 
end; and this stalk contains a gland, the duct of which 
opens in the centre of the face of attachment. 

Loxosoma appears to multiply by budding, but the appa- j 
rent buds are really one of two kinds of embryos developed 
from the impregnated ova. The other kind of embryo be- 
comes a gastrula, with a large j)ost-oral ciliated disk, like; 
a mesotrochal annelid larva, and its ultimate fate has not; 
yet been traced. 

The Ectoprocta are divided into the Gymnolcemata, which 
have a circular lophophore, and no epistoma ; and the Phy- 
lactolcBmata* which possess an epistoma, and usually have 
the lophophore prolonged into two lol es, so as to be horse- 
shoe-shaped ; whence the term hippocrepian applied to such 
Polyzoa. 

Among the Gym)wl<]pmaia are distinguished; the Cyclo- 
stomata, in which the opening of the cell is round and has 
no opercular structures ; the Ctenostomata {supra), and the 
Cheilostomata {supra). 

All the Phylactohrmata are inhabitants of fresh water; 
while all the Gymnolamuda, except Paludicella, are marine. 

The polyzoarium of Cristatella is free and creeps about as 
a whole ; and that of LimuUtes is free, at any rate in the 
adult condition. 

In the fresh-water Polyzoa, the impregnated ovum gives 
rise to a saccular planuliform embryo, which is covered 
externally with cilia. From one end of this cystid, one or 
more polypides are developed from thickenings of the wall 
of the sac. 

* See Dumortier and Van Bnixelles,’ IS.'iO); the monograph 
Beneden, “ Histoire Naturelle d. of Allman cited above; and 
Polypes composees d’eau douce” Nitsche’s “Beitriige.” 

(‘Mem. de I’Acad. Iloyale de 
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In the Gymnoljematous genera Bugula, Scrupocellaria, 
and Bicellaria, the embryo is ciliated, and provided with a 
month and with eye-Bpots. After swimming about for 
I some time, it loses its cilia, fixes itself, acquires a chitiuous 
I outer coat, and becomes a mere sac or cystid, in which a 
1 polypide is developed by gemmation, and gives rise to the 
first cell of the polyzoarium. 

Schneider * has shown that the anomalous Cyphonautes, 
which he considers to resemble Actinotroclm^ and which is 
enclosed in a bivalve shell, is the larva of Memhranipora 
pilosa. It is provided with an intestine, and with largely 
developed ciliated motor bands. But when it attaches it- 
self, all these organs disappear, and the larva passes into 
the condition of a cystid, from which a polypide is de- 
veloped, as in the foregoing cases. 

Hence, it has been pointed out that the characteristic 
polypide of the ectoproctous Po^yzoa is a structure developed 
from the cystid, in much the same way as the Tcenia-he^dH 
is developed from its saccular embryo ; or as the Cercaria 
is developed from the sporocyst or Bedia; the cystid of 
the Phylactolcemata being comparable to a sporocyst, and 
that of Memhranipora to a Bedia, But, without altogether 
denying the justice of this comparison, it may be suggested 
that the cystid is comparable to a vesicular morula, and 
that the mode of development of the alimentary canal of 
the polypide corresponds with that of the formation of an 
alimentary sac by invagination. If this view of the case 
be correct, the perivisceral cavity in the Polyzoa is a blas- 
tocoele, more or less modified by the development of the 
mesoderm. 

The only known representative of the genus Bhahdo- 
pleura f is an aberrant Polyzoon which presents many in- 
teresting peculiarities. The polyzoarium consists of a 
creeping stem from which erect branches, each of which 

* Zur Entwickelungsgjeschi- t See the papers of Allman 
chte und systomatischen Stellung and G. O. Sars, ‘ Quarterly Jour- 
der Bryozoen und Gephyreen.” nalof Microscopical Science,’ * 
(* Archiv fiir Mikr. Anat.* 1869.) and 1874. 
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ends in a circular aperture and constitutes the cell of a 
polypide, arise. The cavity of the stem is divided by 
transverse septa, and its centre is traversed by a hollov* 
chitinous cord, which passes through and is attached to the 
septa. 

The lophophore resembles that of the hippocrepian Thy^ 
lactolcemata in being produced into two aims, tringed mth a 
double series of tentacula. These arms are longer, narrower, 
and more cylindrical than in any other Polyzoa, and, thus 
far, approach the arms of the Brachiopoda. Furthermore the 
tentacula are confined to the arms, which are very flexible. 
Between the bases of the arms there is a rounded or pen- 
tagonal disk with raised and ciliated edges, which occupies 
the place of the epistoma in the phylactolmmatous Polyzoa. 
The mouth is situated beneath the free margin of this disk, 
on the opposite side to the anus, and to that towards which 
the arms are turned. The animal is attached to the bottom 
of its cell, or rather to the endosarc of the stem, by means of 
a long contractile pedicle, by which its retraction is effected. 
According to Sars, it protrudes itself by climbing up the 
wall of its tubular cell by means of the disk. Professor 
Lankester’s comparison of the polypide of Ehahdopleura to 
the embryo Pisidium* appears to me to be fully justified. 
The branchiso of Nucula, in form and position, present no 
little resemblance to the arms of Bhahdopleura, though 
these, like the arms of the Brachiopoda, are probably more 
strictly comparable to the labial palpi of the Lamelli- 
branchs. 

Polyzoa occur in the fossil state from the Silurian epoch 
to the present day, and the oldest forms are referable to the 
groups which now exist. 

The Brachiopoda. — The Brachiopoda are all marine 
animals provided with a bivalve shell, and are usually fixed 
by a peduncle which passes between the two valves in the 

“^On the developmental history of the IMollusca.” (‘ Phil. Trans.’ 
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Centre of the hinge line, or the region which answers to 
it, in those Brachiopods which have no proper hinge. 
Jhey never multiply by gemmation, nor give rise to com- 
pound organisms. The shell is always inequivalve and equi- 
lateral ; that is to say, each valve is symmetrical within 
itself and more or less unlike the other valve. The shell 
is a cuticular structure secreted by the ectoderm, and con- 
sists of a membranous basis, hardened by the deposit of 
calcareous salts, sometimes containing a large proportion 
of phosphate of lime (Lingula). 

In many Brachiopods, variously formed calcareous spi- 
cula, or minute plates, are found in the walls of the peri- 
visceral cavity, and of the greater sinuses; and also in 
the arms and cirri, and sometimes these unite together so 
as to form an almost continuous skeleton.* 

I The body, or rather that part of it which contains the chief 
viscera, is often small relatively to the valves of the shell, 
and the integument is produced into two broad lobes, which 
line so much of the interior of the valves as the visceral 
mass oes not occtipy. The free edges of these lobes are 
thickened, and are beset with numerous fine chitinous seta) 
like those found in Annelids, and like them lodged in sacs. 
Between the two lobes of the mantle, or pallium ^ is the 
pallial chamber, bounded behind by the anterior wall of 
the visceral mass. In the middle line, this wall presents 
the oral aperture, which is seated in the midst of a wider or 
naiTower area, the margins of which are provided with 
numerous ciliated tentacula. 

In Argiope, the oral area occupies a large part of that 
lobe of the mantle which is ordinaidly termed dorsal, and 
its margins are simply indented by three deep sinuations. 
In Thecidium, the sinuations are deeper, and the folds of 
the oral area thus produced, naiTower. But in most 
' Brachiopods the oral area is narrowed to a mere gi’oove, and 
is produced on each side of the mouth into a long spiraUy- 

• These have been described by champs, ‘ Recherches sur Tor- 
Woodward, Lacaze-Duthiers and franisation du Manteau chez lea 
especially by Eudes Deslong- Brachiopodes articules,’ 1864, 
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(■oiled arm, fringed witli tentacles; whence the name of 
Brachiopoda, applied to the group. 

In this case, the tentacula disappear from the anterioip^ 
margin of the oral disk in the region of the mouth, and are 
replaced by a lip-like ridge. Each arm contains a canal, 
which ends in a sac at the side of the mouth. 

In Waldheimia (Fig. 116), the two arms are united together 
and their distal portions coiled into a horizontal spiral. 
In many genera, the margins of the oral area or arms are 
fixed to processes of the dorsal valve of the shell.* In this 
case the arms are not protmsible ; but, according to the 
ol^seiwations of Morse, t they can be straightened and 
extended beyond the shell in Bhynchonella, which has no 
brachial skeleton,. 

The alimentary canal consists of an oesophagus, a stomach, 
provided with hepatic follicles, and an intestine. In the 
majority of existing genera the latter is short, and ends in a 
csocum in the middle line of the body (p.g. Waldheimia) ; in 
others it is long, and opens into the pallial chamber on the 
right side of the mouth [e.g. Lingula, DUcina and Crania). 

The alimentary canal is invested by an outer coat — the 
so-called peritoneum, — by which it is suspended, as by a 
mesentery, in a spacious “ perivisceral ” cavity. The walls 
of this cavity are provided with cilia, the working of which 
keeps up a circulation of the contained fluid. Lateral 
processes of this coat — the gastro-parietal and ileo-parietal 
hands — connect the gastric and intestinal divisions of the 
alimentary canal respectively, with the parietes.J 
From the perivisceral cavity, sinus-like, branched pro- > 
longations extend into each lobe of the mantle, and end 
cmcally at its margins. The lobes of the mantle are pro- 

* See, for excellent figures of Natural History, 1873.) 
these arrangements, and for the | Huxley, “ Contributions to 
shells and external form of the the Anatomy of the Brachio- 
body in general, Woodward’s poda” (Proceedings of the Royal 
‘Manual of the Mol lusca.’ Society, 1854); and Hancock, 

t “On the systematic position “On the organisation of theBra- 
of the Brachiopoda.” (Proceed- chiopoda” (‘Phil. Trans.’ 1858). 
ings of the Boston Society of 




Pig. 116. — Lateral view of the viscer?i of Waldheimia australis (afltr 
Hancock, “ On the Organization of the BrachiopodR,” Phil. Tran" 
1858).-— a, * dorsal ’ layer of mantle; ‘ventral* layer; c, antenoi 
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walls of the body between the mantle lobes; c?, arms; />, gullet; 
stomach with cut biliar)^ ducts of the left side; ?•, right hepatic 
mass ; s, intestine ending cmcally below ; w, so-called “ auricles ’’ ; o, 
the right “ pseudo-heart,” the left being almost wholly removed ; u% 
pyriform vesicle fixed at the back of the stomach ; z, oesophageal 
ganglia; adductor ; k, divaricator; /, adjustor muscles; n, pe- 
duncles. 

bably, together with the ciliated tentacula, the seat of the 
respiratory function. The sinuses of the pallial lobes of 
Lingula give rise to numerous highly contractile, teat-like, 
processes, or ampulloe. During life the circulating fluid 
can be seen rapidly coui'sing into and out of each ampulla 
in tuim (Morse, lx. p. 33). 

The perivisceral cavity communicates with the pallial 
chamber by at fewest two, and sometimes four {Bhynchonella) 
tubular organs, which have been described as hearts,* but 
are now known to have no such nature. 

Each of these organs is shaped like a funnel, the wide 
portion which opens into the perivisceral cavity, being 
much plai ted and folded, and separated by a constriction 
from the narrower part, which answers to the pipe of the 
funnel. The latter, passing obliquely through the anterior 
wall of the visceral chamber, ends by a small aperture in the 
pallial cavity. Prof. Morse has observed the passage of the 
eggs through these organs in Terehratulina septentrionalis. 
They are drawn into the open end of the funnel by the 
action of the cilia with which its sm’face is covered, and enter , 
the pallial cavity by the aperture just mentioned. It is 
probable that these “ pseudo-hearts ” subserve the function 
both of renal organs and of genital ducts ; and that they 
are the homologues of the organs of Bojanus of other 
mollusks, and of the segmental organs of worms. 

Between the ectoderm and the lining membrane of the 
prolongations of the perivisceral cavity in the mantle ; and 
between the endoderm, the ectoderm, and the lining mem- 
brane of the perivisceral cavity itself, there is an inter- 

* Owen,*“ Lettre sur Toppareil podes.” (‘ Annales des Sciences 
de la circulation chez les Mol- Naturelles,’ 1845.) 
lusqucs de la classe des Brachio- 
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space, broken up into many anastomosing canals, wbicli 
I conceive to represent a large part of the proper blood 
system. 

Vesicular dilatations of -the walls of these canals found 
, at the back of the stomach, and in some other localities, 
in the Brachiopods with articulate shells, have been regarded 
as hearts, but observations on the living animals, made 
by various investigators, show that they are not contractile 
and their function is unknown. Although the existence of 
a direct communication between the perivisceral chamber 
and the blood canals has not been demonstrated, it is very 
probable that the perivisceral chamber really forms part 
of the blood-vascular system. 

Muscles for the adduction and divarication of the valves 
of the shell, and for effecting the other movements of the 
animals, are well developed in the Brachiopoda,* They are 
to a great extent stria ted. 

The nervous system of the articulated Brachiopods, in 
which it has been best made out, consists of a relatively 
thick ganglionic band on the ventral side of the mouth, the 
ends of which are united by a commissural cord, which 
surrounds the gullet, and bears two small ganglionic enlarge- 
ments. The latter probably answer to the cerebral, the 
former to the pedal, ganglia of the Lamellibranchiata. 
Immediately behind the pedal mass, from which two large 
nerves to the dorsal or anterior lobe of the mantle are given 
off, are two elongated ganglia, connected by a commissure 
of their own, which possibly correspond with the parieto- 
splanchnic ganglia of the higher Mollusks. The nerves 
to the ventral lobe of the mantle and those to the peduncle 
arise from these ganglia. 

In the inarticulated Brachiopods, our knowledge of the 
nervous system is veiy imperfect. In Lingula, Professor 
Owen has desci-ibed two lateral nerve cords, and the obser- 
vation has been confirmed by Gratiolet and Morse. The 

* See Hancock (1. c.). Owen, Palaeontographical Society, and 
Introduction to Davidson’s ‘ Fos- Transactions of the Zoological 
sil Brachiopoda ’ (Memoirs of the Society of London, 1835). 
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latter anatomist finds similar cords in Diacina, and Gratiolet 
has described an oesophageal ring in Lingula.* * * § 

The reproductive organs are lodged in the perivisceril 
cavity or its prolongations, and are apparently always con- 
tained in processes of the lining membrane of that cavity. 
It is not clear whether hermaphrodism is the rule or the 
exception. Thecidium, however, has been shown by Lacaze- 
Duthiers to be dioecious ; and, according to Morse, the sexes 
are distinct in Terehratulina and Diacina. 

The development of the Brachinpoda, notwithstanding 
the important observations of F. Muller, f Lacaze-Duthiers, J 
and especially of Morse, § stood much in need of further 
elucidation (especially in regard to the earlier conditions of 
the embryo), until quite recently, when the investigations of 
Kowalewsky || filled up the hiatus in our knowledge for the 
genera Argiope, Thecidium, Terebratula, and Terehratulina. 
The egg becomes converted into a vesicular morula, in 
which an alimentary sac is developed by invagination, and 
this sac gives off, as in Sagitta, two diverticula, which 
become shut off from the alimentary canal, and are con- 
verted into the perivisceral cavity. The latter, therefore, 
is an enterocoele. The embryo elongates, and constrictions 
divide it into three segments, of which the anterior becomes 
fringed with long cilia, and developes eye-spots. Thus the 
young Brachiopod acquires a great resemblance to an ordi- 
nary Annelid larva. The resemblance is increased by the 
appearance of four bundles of setae on the middle segment, 
which becomes produced into a sort of hood, the free 
edges of which are at first turned backwards and bear 


• “ Recherches pour servir a 
Thistoire des Rrachiopodes.’" 
(‘Journal de Conchy liologie, 
1860.) 

t “ Beschreibung einer Bra- 
chiopoden-larva.” (‘ Archiv fiir 
Anat.,’ 1860.) 

X “ Hietoire de la The'cidee.’* 
(‘Ann. d’Higt. Nat.,’ 1861.) 

§ “ On the early stages of Tere- 
bratulina 8eptentru>nalis ” (‘ Me- 


moirs of the Boston Society of 
Natural History,’ 1869), and the 
memoir already cited. 

|1 Contained in a memoir, pub- 
lished at Moscow in 1874, for 
which I am indebted to the 
courtesy of the author. It is in 
Russian ; but I have been able to 
acquaint myself with its contents, 
to some extent, by the aid of a 
friend. 
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these setae. As the larva grows, the third segment becomes 
tnineated at the end, and furnishes a surface (provided 
with a shell gland ? infra), by which the larva attaches 
itself. At the same time, the first, or praestomial segment, 
atrophies, and the setigerous hood developed from the 
middle segment is retroverted, rapidly grows, and gives rise 
to the lobes of the mantle, on which the valves of the shell 
are developed. 

The resemblance of the larval Brachiopod to a Polyzoon, 
and especially to Loxosoma, is striking, and fully bears out 
the conclusion as to the affinity of the Polyzoa with the 
Brachiopoda which results from the study of their adult 
structure. On the other hand, the development of the Bra- 
chiopoda no less strongly testifies to their close relations 
with the Worms.* 

In the course of the previous pages the terms dorsal and 
ventral have been employed in the sense in which they are 
conventionally used by conchologists. But an interesting 
question, and one not easy to settle is, what relation do 
these dorsal and ventral regions of a Brachiopod bear to 
the neui*al and haemal regions of a Polyzoon, or to those 
of a Lamellibranch, or of a Gasteropod ? 

If we compare one of the articulated Brachiopods, such as 
Waldheimia, in its shell, with a polypide of a Cheilostomatous 
Polyzoon in its cell, the dorsal valve will appear to answer 
to the operculum, and the ventral valve to the cell. If this 
comparison be just, the two lobes of the mantle of the 
Brachiopod must both belong to the dorsal or ha3mal aspect 
of the body ; that which corresponds with the so-called 
dorsal valve of the shell being the anterior, and that which 
lines the ventral valve of the shell being the posterior lobe. 
And the region of the anterior wall of the palliah cavity 

• The acceptance of the view ton Society of Natural History, 
originally propounded by Steen- 1873), does not to my mind weaken 
strup ana so ably urged by Pro- the opinion I have always held 
fessor Morse, respecting the affi- as to their affinities with the Pofy- 
nities of the Brachiopods with zoa, on the one hand, and with 
the Worms (Proceedings of Bos- the higher MoliuscajOn the other. 
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whicli lies behind or below the month, will answer to the 
neural aspect of the Polyzoon. 

On the other hand, if the segments of the body of i^e 
larval Bmchiopod are true somites, and the discoidal sur- 
face of the hindermost corresponds with the similarly 
fonned end of the larva of Lacinularia, as Professor Morse 
suggests, the dorsal lobe of the mantle will, as before, repre- 
sent part of the ha3mal surface of the body, but the ventral 
lobe will belong to its neural surface — and can no longer 
properly be termed mantle, but will rather answer to the 
foot of one of the higher Mollusca. 

The Brachiopoda are distinguishable into two gi’oups, 
the Articulata and the hiarticnlata. In the Articulata, the 
two valves are united by a hinge, and the ventral valve 
is usually provided with teeth, which are received in sockets 
of the dorsal valve. The gullet ascends in the middle line 
towards the dorsal valve, and the intestine descends to- 
wards the opposite, or ventral, valve, and there ends in a 
caecum. The dorsal valve often gives rise to spiral or 
looped shelly processes to which the arms are attached. The ' 
valves are brought together by a pair of adductor muscles, , 
which pass directly from valve to valve; and they are 
separated by divaricator muscles, which run obliquely from 
the ventral valve to a median process (the cardinal process) 
of the hinge-line of the dorsal valve. The impressions of 
the attachments of these muscles on the inner surfaces of 
the valves have considerable systematic importance. Very 
often the ventral valve is produced into a sort of spout, 
through which passes the peduncle by which the animal 
is attached to rocks. At the sides of the visceral chamber 
the thickened edge of the dorsal lobe of the mantle passes 
into that of the ventral lobe. 

The substance of the shell is very often traversed by 
numerous canals perpendicular to its surface, which contain 
prolongations of the mantle.* 

• The structure of the shell has Association,’ 1844-1847, and In- 
been particularly studied Iw Car- troJuction to Davidson’s ‘ Fossil 
penier. (‘ Reports of the fotish Brachiopoda.’) See also King, 
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This division contains the families of — (1) The Terebra- 
tulidce, (2) the SpiriferidoB, (3) the Bhynchonellidce, (4) the 
ChthidoBi and (5) the Productidce, of which the second, fourth, 
and fifth are extinct and almost wholly palaeozoic, no species 
extending beyond the lias, while the majority of the species 
of the other two families are also extinct. 

The family of the TerehratulidoB, which is not certainly 
known to occur in formations older than the Devonian, is 
the only one in which, since the end of the palaeozoic epoch, 
numerous new generic types appear.* 

The Inarticulata have no hinge ; the intestine opens into 
the cavity of the mantle, the margins of the lobes of which 
are completely separate. Some have a long peduncle 
{Lingula), others are fixed by a plug which passes through 
an aperture or notch of one valve {Discina), or by the sur- 
face of one valve {Crania). There is no brachial skeleton, 
and the aiTangement of the muscles is in many respects 
different from that which obtains in the articulated division. 

Species of all these families, except the Spiriferidce., 
Orthidce, and ProductidoB, exist at the present day, but they 
are also represented in the older palaeozoic epochs, and 
Lingulce are among the oldest known fossils, f 

The Mollitsca. — The term Mollusca may be used as a 
convenient denomination for the Lamellihranchiata and 
Odontophora {= Gasteropoda, Pteropoda, and Cephalopoda, of 
Cuvier), which can be readily shown to be modifications of 
one fundamental plan of structure. This may be represented 
by a body, symmetrical in relation to a median vertical 
plane, at one end of which is the oral, and at the other the 
anal aperture of the alimentary canal. In the body a 
ventral, or neural, face, an opposite dorsal, or hcemal, face, 
and a right and left side may be distinguished. The 
neural face usually gives rise to a muscular foot. The in- 
tegument of the haemal face is generally produced at its 

‘ Trans. Royal Irish Academy,’ f See Davidson’s ‘ Monographs 
1869. of British Fossil Brachiopoda,’ 

* Suess, “ Ueber die Wohn- in the Paloeontographical So- 
sitze der Brachiopoden ” (‘ Sitzb. ciety’s publications, 
d. Wiener Akad.,’ 1857). 
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edges into a free fold, and the term mantle, or pallium, 
is applied to the region of the integument thus circum- 
scribed. Between the free portion of the mantle and the 
rest of the body is a cavity, the pallial chamber, from the 
walls of which, processes which subserve respiration, the 
hranchice, may be developed. 

In the median line of the surface of the mantle of the 
embryo, a shell gland is very generally formed, and from 
the surface of the mantle a cuticular secretion, the shell, is 
produced. 

A systemic heart usually exists, and when present, is 
situated in the middle of the posterior haemal region, and 
consists of, at fewest, two chambers, an auricle and a ven- 
tricle. Arterial vessels often ramify extensively through 
the body, but more or fewer of the venous channels 
remain in the condition of lacunae. The blood corpuscles 
are colourless and nucleated. Distinct respiratory organs 
may be absent, or they may take the form of branchiae or 
pulmonary sacs. When present, they lie in the course of the 
blood which is returning to the heart. Beside the heart 
and the intestine are situated the renal organs, which, on 
the one side, open externally, and on the other, communi- 
cate with the blood system. 

The nervous system consists of, at least, one pair of ganglia 
{cerebral) at the sides, or on the haemal aspect of, the mouth, 
and of two other pairs of oesophageal ganglia {pedal and 
parieto-splanchnic). The latter are situated at the sides, 
or on the neural aspect, of the alimentary canal, and are 
connected by commissures with the former. 

In the majority of the Mollusca, the embryo passes through 
a stage in which it is provided with bands of ciHa or with 
a simple, bifid, or multifid fold of the integument {velum), 
the edges of which are ciliated, developed on the hoBmal 
aspect of the cephalic region of the body, in front of the 
pallial region. 

The special peculiarities of the different groups of the 
Mollusca result chiefly — 

1, From the form of the pallial region, and the extent of 
the mantle-lobes relatively to the body. 
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2. From the number and arrangement of the pieces of the 
shell to which the mantle gives rise. 

• 3. From the proportional size and the form of the foot 
and the production, or non-production, of chitinous, 
or shelly, matter by it. 

4. From the development of sense-organs on the anterior 

end of the body, and the absence or presence of a 
distinguishable head. 

5. From the disproportionate growth of the haemal re- 

gion of the body into a visceral sac, followed by a 
change in the primitive direction of the intestine, and 
often accompanied by asymmetrical lateral distortion. 

The Lamellibranchiata.^ — In these Mollusks there 
are always two large pallial lobes, the margins of which are 
devoid of seta) ; and which are lateral, or right and left, in 
relation to the median plane. Each lobe gives rise to a 
piece, or valve, of the shell ; and to these, accessory pieces, 
developed upon the median hsemal face (Pholas) or the pos- 
terior end of the mantle {Teredo), are in some cases added ; or, 
in addition to its valves, the mantle may secrete a shelly tube 
{Teredo, Asperyilhim). The shell itself consists of super- 
imposed lamella) of organic matter, hardened by the deposit 
of calcareous salts. It is a cuticular excretion from the 
sui-face of the mantle, and never presents any cellular 
structure. But from the disposition of its lamella), and from 
the manner in which the calcareous deposit takes place in 
them, it may present varieties of structure which have been 
distinguished as nacreous, prismatic, and epidermic.f 

The two valves are generally united over the median line 
of the hmrnal surface of the body by an uncalcihed chitinous 
cuticular matter, termed the ligament, which is usually very 
elastic, and is so disposed, that, when the valves are closed, it 
is either stretched or compressed. In either case, it an- 

♦ For a description of the of Animal Life.* 
anatomy of a Lamellibranch in t See Carpenter, article “Shell,” 
detail, tne student is referred to Todd’s ‘ Cyclopeedia.’ Huxley, 
Huxley and Martin, ‘ Elementary “ Tegumeutary Organs,” ibid. 
Riftlrnyy,* And Rolleston, ‘ Porm* 
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tagonises the action of the adductor muscles and divaricates 
the valves when these muscles are relaxed. Conchologists 
commonly draw a distinction between an internal and ati 
external ligament ; but, in relation to the body of the animal, 
all ligaments are external, and their internality or exter- 
nality is in respect of the hinge line, or the line along which 
the edges of the valves meet. In symmetrical, or equivalve, 
Lamellibranchs, each valve is concave internally and convex 
externally; it has, in fact, the form of a very depressed 
cone, the apex of which, termed the umbo, is incuiwed and 
is situated on, or projects beyond, the haBmal, or as it is 
termed, dorsal edge of the valve. Moreover it is usually 
inclined forwards, and situated nearer the anterior than the 
posterior end of the valve. Sometimes the umbonic cone 
is prolonged and bent inwards, or may even form a short 
spiral turn {Isocar dia. Dicer as), so that the valve acquires a 
certain resemblance to the shell of some gasteropods. As 
the shell of a Lamellibranch increases in thickness by 
the deposition of new layers on the interior face of the old 
ones ; and, in area, by the extension of the new layers beyond 
the old ones, the summit of the umbo represents the original 
shell of the embryo, and the outer surface is usually marked 
by concentric lines of growth, which indicate the boun- 
daries of the successively added new layers of shell sub- 
stance. 

The applied edges of the two valves are very often pro- 
duced into elevations and depressions which interlock with 
one another. The form and arrangement of these teeth 
and sockets are of much use in systematic conchology. 

The muscles which are attached to the valves, viz., the 
adductors, retractors of the foot and pallial muscles, give 
rise to impressions on the inner faces of the valves, which 
are very obvious when the latter are removed and cleaned. 
With the growth of the animal, the distance of these im- 
pressions from the hinge line and from one another is 
necessarily increased, and it is not difficult in some cases 
{e.g. Anodonta) to trace a faint triangular mark, which has 
its base in each adductor impression and its apex in the umbo, 
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and wliicli indicates the successive shiftings of position of 
the muscle. 

Fig. 117. 





Fig. 117.— Sectional diagram of a freshwater Mussel (Anodortta).— A 
mantle, the right lobe of which is cut away ; B, foot ; C, branchial 
chamber of the mantle cavity ; D, anal chamber ; I, anterior adductor 
muscle; II, posterior adductor muscle; III, retractor muscle of 
the foot ; a, mouth ; ft, stomach ; c, intestine, the turns of which a^ 
supposed to be seen through the side walls of the mesosoma ; 
rectum ; e, anus ; /, ventricle ; g, auricle ; ft, gills, except i, right 
external gill, largely cut away and turned back; ft, labial palpi; 
/, cerebral; m, pedal; n, parieto-splanchnic ganglia; o, aperture oi 
the kidney or organ of Bojanus ; /?, pericardium. 
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In some cases [e.g. Lima) a Lamellibrancli may perform a 
sort of aquatic flight by the flapping of the valves of its 
shell. ^ 

The hard and sharp edged valves of the shell in Teredo 
are probably the agents by which the moUusk carves its 
passages through the wood which it inhabits. Whether 
the valves of the shell of the Fholades and Saxicavce are 
the instruments by which they excavate their burrows in 
hard rock, or whether, as has been suggested, the foot, armed 
with sand, is the boring instrument, is a question which has 
been much discussed, but hardly brought to a satisfactory 
decision. 

The ha3mal face of the body is either flat or slightly 
arched, whence, in side view, the hsemal contour is either 
straight or convex. In most Lamellibranchs, the body is 
symmetrical in relation to the median plane, but in those 
which have inequivalve shells, as the Scallop {Pecten) and 
the Oyster (Ostroea), the one half is more convex than the 
other. No Lamellibranch has a distinct head ; but in those 
which possess two adductor muscles (e.g. Anodonta), the 
region in which the anterior adductor lies and which is 
situated in front of the mouth, may be distinguished as 
the prosoma, from the middle region (mesosoma) which 
gives rise to the foot ; while the part which lies behind the 
foot and contains the posterior adductor may be termed the 
metasoma. 

The foot may be rudimentary, but it is usually large, 
flexible, and employed as an organ of locomotion. The 
posterior face of the foot not uncommonly presents a gland ! 
which secretes a chitinous, or shelly, substance— the hyssus. 

From the sides of the mesosoma, close to the attachment 
of each mantle-lobe, the branchiae project into the pallial 
cavity. 

In its simplest form, the branchia of a Lamellibranch con- 
sists of a stem fringed by a double series of filaments (e.g. 
Nucula). The next degree of complication arises from 
these filaments becoming as it were doubled upon them- 
selves at their free ends, the reflected portions lying on the 
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outer side of the outer, and on the inner side of the inner, 
series of primary filaments. But the free, or haemal, ends 
‘of the reflected filaments contract no adhesion either with 
the mantle on the outer side, or with those of the opposite 
gill on the inner side. Delicate bands stretch from the 
primary to the reflected filaments across the interspace which 
they enclose {Mytilus, Pecten). In most Lamellibranchs, 
the gills are four elongated plates, each of which is in fact' 
a long and narrow pouch, with its open end turned towards 
the haemal face of the body. Two pouches are situated 
on each side of the mesosoma; one of these pouches is 
internal, the other external.* Their walls are united by 
transverse septa ; they are richly ciliated, and are perforated 
by numerous apertures. As the outer wall of each pouch is 
united with the mantle, and the inner with its fellow of the 
opposite side, behind the foot, the whole branchial apparatus 
forms a sieve-like partition extended between the mantle and 
the foot (Fig. 117), and thus divides the palUal cavity into a 
supra-bmnchial and an infra-branchial chamber. Inasmuch 
as the haemal edge of the inner wall of each inner bran- 
chial pouch is, for the greater part of its extent, not united 
with the mesosoma, but only closely applied against the 
latter, the supra-branchial and infra-bra nchial chambers may 
communicate by the cleft thus formed, as well as by the 
apertures in the lamellar walls of the branchial pouches. The 
anterior part of the supra-branchial chamber is divided into 
a right and left cavity by the interposition of the mesosoma, 
on the sides of which the apertures of the renal and genera- 
tive organs are situated. The products of these organs 
therefore readily pass into these right and left cavities. The 
posterior part of the supra-branchial chamber, into which 
these two lateral divisions open, contains the termination of 
the rectum, and receives the fmces, as well as the urinai*y 
and generative products : it is therefore a sort of cloaca. 
Its external opening is usually termed the anal opening of 

* The external gill pouch is and Tellina only one gill pouch, 
often smaller than the internal. the internal, is present. 

In species of Lucina^ Cytherea, 
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the mantle cavity. The margins of this opening may be 
produced into a tube which is termed the anal siphon. In 
front of the anal, or rather cloacal, opening, the margins oi, 
the mantle may be completely disunited. Yery frequently, 
however, they are conjoined, so as to leave only an opening 
for the exit of the foot, and another behind this, which is 
termed the branchial opening. The edges of this aperture 
may be prolonged into a tube, which is termed the branchial 
siphon. When a Lamellibranch is in its natural element 
and undisturbed, the valves of the shell gape sufficiently to 
allow of the free entrance or exit of water, to or from the 
pallial cavity; or, when siphons exist, they are fully pro- 
truded. The cilia with which the branchise are beset, work 
in such a manner as to drive the water from the infra- 
branchial chamber, through the openings of the branchiae, 
into the supra-branchial chamber. From hence its only 
way of exit is by the cloaca and the anal siphon, when the 
latter exists. In order to make up for the water thus diiven 
out, a new supply of water enters by the interspace between 
the lobes of the mantle, which bound the infra-branchial 
chamber, or by the branchial siphon. These currents may 
readily be made obvious by allowing a stream of finely- 
divided colouring matter to pass slowly towards the bran- 
chial siphon of a Lamellibranch. It will be seen to be 
swiftly sucked in, and after a very short time a coloured 
stream will flow out of the anal siphon. The same agency 
brings the nutritive matters suspended in the water within 
reach of the labial palpi, by which they are guided to the 
mouth. 

Whatever form the branchia) may possess, they are sup- 
ported by a chitinous skeleton, in the form of a partial or 
complete investment to the transverse branchial vessels. 

The mouth is bounded by lips, the angles of which are 
usually produced on each side into two labial palpi. Some- 
times the lips are represented by a circular fold produced 
into numerous tentacula (Pecten). There are no organs for 
the prehension or mastication of food. A wide and short 
gullet leads into a stomach surrounded by the liver, which 
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consists of numerous csBca united into ducts whicli open 
into the stomach. Yery generally a diverticulum of the 
pyloric end of the stomach contains a transparent rod-like 
body — the crystalline style. 

The intestine usually makes many convolutions, but, 
finally reaching the middle line of the dorsal region of the 
body, it terminates by the anus in the posterior part of the, 
pallial chamber. The heart lies in the region traversed by 
the termination of the intestine. It consists of an auricle 
and a ventricle, or of a ventricle and two auricles, or may 
be divided into two sepal'ate auricles and ventricles (Area). 
Aortic trunks distribute the colourless blood to the body, 
whence it is carried to a large median venous sinus ; from 
this it passes through the walls of the renal organs to the 
gills, and is returned from these to the auricular division 
of the heart.* Yery generally the ventricle invests the 
rectum, but in Ostrcea, Teredo, and Anomia the ventricle is 
quite detached from the intestine. 

The renal organs, or organs of Bojanus, are usually two 
in number, often more or less united together, of a dai’k 
colour, situated beneath and behind the pericardium and in 
front of the posterior adductor muscle, extending forwards 
on each side of the mesosoma, and traversed by such 
numerous blood-channels that they have a spongy texture. 
The walls of the cavernous blood sinuses are lined with 
cells which secrete the urinary matters from the blood. 
These take the form of calcareous concretions containing 
uric acid. The gland communicates at one extremity with 
the pericardium ; at the other, it either opens directly on to 
the surface of the body, or into a vestibular cavity which 
has an external aperture. 

In Ostroea and Teredo the renal organ seems to be present 
in only a very rudimentary form.f 

The mesodermal region, between the endoderm and the 

♦The circulatory organs of demie,’ 185.'> and 1856.) 
the freshwater Mussel have been t See for the structure of the 
very fully described by Langer. rena organs and many other 
(‘ Denkschriften der Wise. Aka- points connected with the ana- 
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ectoderm, is for the most part occupied by vascular, 
connective, and muscular tissues, and by the reproductive 
organs, so that there is no large perivisceral space. But 
there is — 1. The large median sinus already mentioned, 
which receives the blood returned from all parts of the 
body, and is commonly termed the vena cava. 2. A spacious 
pericardial chamber which encloses the heart. It is in 


Fig. 118. 



Fig. 118. — Anodonta . — Yertical and transverse section of the body 
through the heart; /, ventricle; auricles; c, rectum; />, pericar- 
dium ; hf inner, i, outer gill ; o' vestibule of rjf, the organ of Bojanus ; 
B, foot, A A, mantle lobes 

communication with the venous system, and, consequently, 
directly, or indirectly, with the vena cava. 3. The cavities 
of the renal organs, which usually freely communicate with 


tomy of the LamellibranchiatUytho Sciences Naturelles, 1854 to 
series of valuable papers of La- 1861.) 
caze-Duthiers. Q Annales des 
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one anotlier, while they open into the pericardium on the 
one hand, and on the exterior of the body on the other. 
4 . In some LamellibrancJiiata, canals open on the exterior 
of the body, especially on the surface of the foot. In this 
way the blood system is placed in direct, though circuitous 
communication with the surrounding water. These so- 
called water-vessels communicate internally with the venous 
system, of which, indeed, they seem to form a part. It is 
probable that all these cavities, taken together, represent 
the perivisceral cavity, pallial sinuses, and pseudo-hearts of 
a Brachiopod. 

Strong bundles of muscular fibres, usually unstriated, pass 
transversely from one valve of the shell to the other, and 
bring them together; while they are divaricated by the 
elastic reaction of the ligament. Of such adductor muscles 
there may be either one or two. When there are two 
{Dim^yaria), the anterior adductor lies in front, and on the 
haemal side of, the oesophagus ; while the posterior adductor 
lies in front, but on the neural side, of the rectum. Hence 
the alimentary canal, as a whole, lies between these two 
muscles. When only one adductor muscle exists {Mono- 
my aria), it is the posterior. 

The foot is retracted between the valves of the shell 
by two or three pairs of retractor muscles, of which the 
anterior and posterior pairs are usually attached to the 
shell, close to the anterior and posterior adductor im- 
pressions. The protraction of the foot appears to be 
effected by the compression of the blood by the intrinsic 
muscles of the walK^'of the mesosoma and of the foot 
itself. ' 

Each lobe of the mantle is attached to the corresponding 
valve of the shell by a series of muscular fibres, the attach- 
ments of which give rise to a linear impression, which runs 
from one adductor to the other, and constitutes the pallial 
line. When the siphons are largely developed they have 
retractor muscles, the insertions of which are so disposed 
as to cause the posterior part of the pallial line to be more 
or less deeply curved or angulated. Hence the distinction of 
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integropalliate and sinupalUate as applied to Lamellibranchs 
wbicli liave the pallial line evenly rounded or notched. 

The cerebral ganglia lie at the sides of the month, and . 
are connected by a commissure, which passes in front of it. 
They give branches to the anterior region of the mantle, 
to the gills, to the anterior adductor muscle, to the labial 
palpi, and to the parts about the mouth. The pedal 
ganglia are situated in the foot ; or in the corresponding 
region on the neural side of the alimentary canal, when 
no foot is developed. Each is united by a commissure 
with the cerebral ganglion of the same side, and gives off 
branches to the muscles of the foot. The pa/rieto~8planchnic 
ganglia lie on the neural face of the posterior adductor 
muscle. The long commissures which unite them with the 
cerebral ganglia usually traverse the renal organ, and lie 
beneath the floor of the pericardium. Each of these 
ganglia gives off a nerve to the branchia of its side, and 
supplies the posterior and middle part of the mantle. 
This posterior pallial nerve may anastomose with the 
anterior pallial neiwe from the cerebral ganglion. The 
ganglia also furnish nerves to the posterior adductor 
muscle, to the heart, to the rectum, and to the muscles of 
the siphons, when the latter are present. Eyes are never 
developed in the cephalic region of the Lamellibranchs, 
but, in many {e.g. Pecten) numerous simple eyes terminate 
papillae of the margins of the mantle. Auditory sacs are 
almost invariably attacked by longer or shorter peduncles 
to the pedal ganglia. 

The Lamellibranchiata are usually dioecious, but some- 
times hermaphrodite* {e.g. Cyclas, some species of Cardium 
and Pecten, Ostrcea, Clavagella and Pandora). The genera- 


• The testes and ovaria are 
distinct in the hermaphrodite 
Pectines. In Cardium seiratum, 
adjacent caeca of the sexual gland 
contain spermatozoa or ova, or 
both products may be developed 
in the same csecum. In the com- 
mon Oyster the gonital caeca in 
any given individual are found to 


be either almost all ovigerous or 
almost all spermigerous ; and it 
appears probable that the pre- 
dominantly male, precedes the 
predominantly female, condition, 
bee Lacaze-Duthiers, “ Orgones 
genitaux des Acephales Laraelli- 
branclies” (‘Ann. des Sciences 
Naturelles/ 1S54). 

2 I 
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tive organs are ramified glands of simple structure and 
similar in both sexes, the ducts of which open into, or close 
to, the renal organs. 

The process of yelh-division * usually gives rise to smaller 
and larger blastomeres, of which the former, as an epiblast, 
invest the latter as a hypoblast. At the cephalic end of the 
embryo of most Lamellibranchs, a velum, or disk with 
richly ciliated edges and, usually, a central tuft of longer 
cilia, is formed. On the dorsal face of the embryo the 
integument rises into a patch with raised edges, which 
is the rudiment of the mantle. The separation of the shell 
into two valves, united by an uncalcified hinge, must pro- 
bably be ascribed to the manner in which the calcareous 
matter subsequently added to the shell is deposited. The 
foot appears as a median outgrowth of the neural face of 
the embryo behind the mouth. The branchia? have, at 
first, the form of separate filamentous processes, which 
are developed from the roof of the anterior part of the 
pallial cavity, at the point of junction of the mantle with 
the mesosoma, and gradually increase in number from 
before backwards. In those Lamellibranchs which have 
pouchlike gills, it appears that the processes which are first 
formed become the outer lamella of the inner gill-plate, 
their free ends uniting together ; the inner lamella of this 
plate is produced by the upgrowth of a thin lamina, 
which subsequently becomes perforated, from the united 
ends of these processes. The inner lamella of the outer 
gill is formed of branchial processes, which grow out from 
the attached ends of the first set; and the outer lamella 
of this gill is produced in the same fashion as the inner 
lamella of the inner gill.f 

Recent observations tend to- show that in these, as in 
other Inveriehrata, the nervous ganglia are modified 
ingrowths of the epiblast. 

* See Loven, ‘Archiv fiir Na- f Lacaze-Duthiers, “Surlede- 
turgeschichte,’ 1849. De Quatre- veloppement des branchies dos 
iages, “ Memoires sur I’Embryo- Molfusques scephales LamelU- 
genie des Tarels ” (‘Ann. des Sc. branches (‘ Ann. des Sciences 
1849). Naturelles,’ 4, iv.). 
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The simplest form of development of the Lamellihranchi- 
ata has been observed in Pisidium* By the process of 
cleavage, the vitellus is divided into a number of equal 
blastomeres. The morula thus formed undergoes invagi- 
nation, and is converted into a gastrula. The blastopore, 
or aperture of invagination, closes, and the epiblast, or 
ectodermal layer of the embryo, growing much faster than 
the hypoblast, or endodermal layer, the latter forms a small 
shut sac, the primitive alimentary sac (or archenteron) 
attached to one point of the inner surface of the much 
larger ectodermal sac. The mesoblastic cells appear to be 
derived both from the epiblast and the hypoblast. 

The mouth is formed by a depression of the ectoderm at 
the anterior end of the body, which gi'ows towards and 
opens into the archenteron. The anus is developed at the 
opposite end, in the region of the primitive invagination. 
On the neural face of the embryo, the foot grows out, 
while the mantle appears on the opposite face ; and, in the 
centre of the mantle, a transversely oblong depression lined 
by elongated cells is the ‘ shell gland. ^ In the median 
line this answers to the ligament, and, at the sides, to the 
middle region of the future valves of the shell ; but the 
precise share, if any, which it takes in the formation of 
these parts does not appear. Pisidium has no velum. 

The development of one of the fresh-water Mussels ( TJnio 
pictorum) has recently been worked out very fully by 
Rabl.t The vitellus divides into two unequal masses, of 
which the larger is termed by Rabl the * vegetative ’ and 
the smaller the ' animal ’ cell, somewhat inconvenient names 
which may be replaced by ‘ macromere ’ and ‘ micromere.^ 
Each of these becomes subdivided, partly by ordinary fission, 
partly, as in the case of the macromere, by a process of 
budding, into blastomeres, of which those which proceed from 
the macromere long remain larger and more granular than 
those which proceed from the micromere. The blastomeres 

* Lankester “ On the Develop- t C. Rabl, ‘ Ueber die Ent- 

mental History of the Mollusca.” wickelungsgeschichte der Maler* 
(‘ Phil. Trans.' 1874.) muschel,’ Jena, 1876. 

2 1 2 
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arrange themselves into a hollow sphere — the hlastosphere. 
This is a vesiculai' morula, composed of a single layer of 
felastomeres, of which those of one hemisphere have pro- 
ceeded from the micromere, and those of the other from 
the macromere. Two blastomeres of the macromeral hemi- 
sphere remain much larger than the rest. The macromeral 
hemisphere next undergoes invagination, and its invagi- 
nated part becomes the hypoblast. The two large blasto- 
meres just mentioned, which are disposed symmetrically, 
one on each side of the median plane at the anterior margin 
of the area of invagination, become enclosed between the 
hypoblast and the epiblast, and by their division give rise 
to the mesoblast. This last, therefore, may be regarded 
as an indirect product of the hypoblast. 

The endodermal sac foi'med by the hypoblast now loses 
its connection with the region of the embryo of which it is 
an invagination, and applies itseK to the anterior wall of 
the body, where an involution of the ectoderm, which gives 
rise to the oral cavity, takes place. The greater part of the 
mesoblastic cells become the adductor muscle, which is at 
first single and answers to the posterior adductor of the 
adult. There seems to be no shell gland. The shell appears 
at first as a membranous cuticula, continuous from side to 
side, and therefore undivided into two valves. Subsequently 
it becomes calcified and bivalve. The byssus gland is 
developed as an involution of the ectoderm at the posterior 
end of the body ; and the ventral hemisphere, or that oppo- 
site the shell, becomes divided by a deep median fold into 
the two lobes of the mantle on which the characteristic 
pencil-like papilla3 appear. In front of the rudimentary 
mouth are two ciliated depressions of the ectoderm, which 
are possibly the rudiments of the nervous ganglia. 

In Unio and Anodonta the young are hatched in the outer 
gill pouches of the parent, from which they are so dis- 
similar that they were at one time considered to be pai’asites 
(Olochidivm), The valves of the shell are triangular and 
have incuiwed and serrated apices, by the help of which the 
larvBB, after they leave the parent, attach themselves to 
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fislies and other floating bodies. In this position they 
undergo a sort of metamorphosis, and eventually fall off and 
sink to the bottom as minute fresh-water Mussels. • 

On comparing the Lamellihranchiata with the BracJtiopodaf 
it is obvious that the two have, in common with one another 
and with the Annelida, the ciliated or veligerous larval 
form. If the shell gland is, as Mr. Lankester suggests, 
the homologue of the peduncular gland of Loxosoma and 
of the Brachiopod larvae, it follows that the peduncle of 
the Brachiopod corresponds with the centre of the pallial 
surface of the Lamellibranch, and that the so-called dorsa^ 
and ventral lobes of the mantle in the Brachiopod corre- 
spond with the anterior and posterior halves of the mantle 
in the Lamellibranch. The Brachiopod hinge will there- 
fore be transverse to the axis of the body, while the 
Lamellibranch hinge is parallel with it. If this comparison 
be just, however, the three segments of the Brachiopod 
larva cannot answer to the segments of an Annelid larva, 
but the two posterior segments of the Brachiopod larva 
must represent an outgrowth of the haemal side of the body; 
and this would correspond very well with the arrangement 
of the intestine in the articulated Brachiopoda, 

In the simplest forms of the Lamellihranchiata, Trigonia, 
Nucula, and Pecten, the mantle-lobes are almost, or com- 
pletely, disunited with one another and with the branchiJB, 
and the latter are either simple plumes or have undergone 
but little modification. The haemal face of the body is 
shoii; relatively to its vertical height. 

In most Lamellibranchs the haemal face of the body is 
longer; the gills are lamellar, and the mantle-lobes are 
united with one another and with the gills, so as to sepa- 
rate a supra-branchial from an infra-branchial chamber 
{Anodonta), In yet others, the posterior margins of the 
mantle are produced backwards into short siphons, but the 
mantle-lobes remain separate for the rest of their extent 
(Cardium); in others, the siphons are greatly elongated and 
the ventral margins of the mantle-lobes unite, so as to leave 
only a small median aperture for the foot {Pholas), In the 
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most modified forms, the body becomes more and more 
elongated, until, in Teredo^ it is completely vermiform, and 
Aie valves of the shell cover but a very small portion of 
the body. 

The foot is wanting as a distinct structure in Ostrcea; 
while in Cardium and Trigonia it is a large muscular 
organ, by the aid of which the animal is able to leap for 
some distance. The byssus may be present in the young 
and absent in the adult {e.g, Anodonta). It may have the 
form of strong chitinous filaments {Mytilus) or of a plate 
of horny or shelly texture {Area, Anomda). The inequality 
of the valves attains its maximum in the Hippuritidee, in 
which one valve may have the form of a long cylinder, or 
cone, while the other is a flattened plate.* 

The shells of Lamellibranchs are among the most 
abundant of fossil remains in all epochs of the world’s 
history. In the Palaeozoic formations, however, the pro- 
portion of these mollusks relatively to the Brachiopoda is 
the reverse of what obtains at the present day, the latter 
being very numerous, while the Lamellibranchs are com- 
paratively scanty. The integropalliate are far more nume- 
rous than the sinupalliate forms in the older rocks. The 
Hippuritidee of the Cretaceous epoch is the only family of 
ancient Lamellibranchs which is extinct at the present day ; 
and the only one which diverges to any considerable degi’ee 
from existing forms. 

The Odontophora. — In the Mollusks which belong to 
this division, the mantle, always present in the newly 
hatched young, may abort in the adult condition. It is 
never divided into two lobes, though it may be slit or per- 
forated where it forms the wall of the branchial chamber 
(Haliotis, Fismrella). 

Very generally, the prosoma bears tentacula and eyes; 
and a distinct head being thus recognisable, these Mollusks 

♦ For an excellent account of the hamellihranchiata from the 
eottchoiogical Bide, see Woodward’s * Manual of the Mollusca.’ 
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Have been named Cephalophora, in contradistinction to tbe 
acephalous Lamellibranchs and Brachiopods. 

The mantle commonly gives rise to a shell ; which m^ 
either be a more or less calcified cuticular product of the 
epidermis, covering the outer surface of the mantle, when it 
constitutes an external shell, as in the Lamellihranchiata 
and Brachiopoda ; or it may be developed within a sac in 
the inteiior of the mantle, as an internal shell. In neither 
of these cases is it ever a bivalve shell divided into two 
lateral portions.* Usually it is in one piece (univalve), but 
in one group, the Chitonidcr, it consists of a number of 
pieces (not exceeding eight), arranged in longitudinal series 
along the middle line. 

Calcareous matter is very commonly diffused, in the form 
of gi’anules, through the connective tissue, and often takes 
the form of spicula {e.g. Doris). 

The mesosoma is generally prolonged into a muscular 
foot, which may be provided with lateral appendages, the 
epipodia. And, on the haemal aspect of the postenor portion 
of the foot, a chitinous or shelly plate, termed the operculum, 
may be developed. This operculum appears to be the 
analogue, if not the homologue, of the byssus of the Lamelli- 
branchs; and is certainly not homologous with either of 
the valves of the shell of the latter, which are pallial struc- 
tures. The edge of the mantle forms a free fold which 
nearly or entirely surrounds the mesosoma; and in one 
genus, Dentalium, the margins of the mantle unite for the 
greater part of their length : in all the rest they remain 
free. A space is enclosed between the lobes of the mantle 
and the mesosoma. Usually this space is much larger on 
one face of the body, and constitutes the pallial chamber. 
As a rule, the branchiae are lodged in this chamber, and 
the anus opens into it. 

In a very few Odontophora, the symmetry of the body is 

* The singular bivalve plates, homologous with the shell of* 
termed Aptychus, which occur in ordinary Mollusks, which is re- 
the Amnumitida, whatever their presented by the chambered shell 
nature may be, are obviously not of the cephalopod. 
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undisturbed ; that is to say, tbe mouth and the anus are 
situated at opposite ends of the axis of the body, and the 
h»>mal face is not produced into a visceral sac {e.g. Chiton, 
Dentalium). But, in the great majority, such a visceral sac 
is formed. In the Cephalopoda, it co-exists with bilateral 
symmetry, inasmuch as the* mantle and the anus lie in the 
plane which divides the body into two similar halves. But, 
in most Odontophora, the anus is twisted to one side (usually 
the right), and in many, it is situated, together with the 
pallial chamber in which it is contained, on the anterior 
face of the body. 

The mouth lies at the anterior end of the body, on the 
haemal side of the anterior part of the foot (except in the 
Cephalopoda). It may be provided with variously disposed 
jaws, or cutting plates, of a chitinous or calcified substance. 
But the structure which is most characteristic of the Odon- 
tophora, and which is absent in only very few genera {e.g. 
Tethys, Doridium, Rhodope), is a peculiar rasping and some- 
times prehensile apparatus, the odontophore, or as it is 
often termed, the tongue, which is, attached to the floor 
of the mouth (Fig. 119, 120). 

This apparatus consists of a skeleton; of a subradular 
membrane, which is continuous with the lining of the oral 
cavity ; of the radmla ; and of intrinsic and extrinsic muscles. 

The skeleton is composed of two principal masses of par- 
tially fibrous, or completely cartilaginous tissue {odonto- 
phoral cartilages), which may be more or less confluent, and 
are further united together in the middle line by fibrous 
and muscular tissue. Their anterior ends and oral faces 
are free and smooth, and are usually excavated so as to 
present a trough-like surface to the subradular membrane, 
which rests upon them. Accessory cartilages may be 
added to these. Behind, the subradular membrane is con- 
tinued into a longer or shorter sac, lined by a continuation 
of the buccal epithelium. The radula is a cuticular chitinous 
product of the epithelium of the subradular membrane. It 
is armed with tooth-like processes arranged in one or many 
series j and additions are constantly being made to its pos- 
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terior end, wMcli is lodged in the sac of the suhradnlar 
membrane. Thus the teeth are replaced from behind, as 
fast as they are worn away by fiiction against the food 
which they rasp, at the anterior end of the ribbon. 

The intrinsic muscles of the odontophore are attached, on 


Fig. 119. 



r 


Fig. 119.— .Bwctnum — A, radula ; B, one of the transverse 

rows of teeth, a, anterior, posterior end ; c, central, L lateral 
teeth. (After Woodward, ‘Manual of the Mollusca.’) 


Fig, 120. 



Fig. 120. — A, Trochus cinerarius ; the median tooth and the 'teeth of 
the right half of one row of the radula. B, Cypraa Europcaa^ one 
row of teeth of the radula. (Woodward, ibid.) 

the one hand, to the posterior and under faces of the odonto- 
phoml cartilages, and, on the other, to the subradular mem- 
brane, some being inserted into its posterior and lateral 
portions, and others into its anterior extremity, after it 
has turned over the anterior extremities of the principal 
cartilages. Certain of the muscular bundles are also 
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attached to the fore pai't of the odontophoral cartilages 
themselves. The contraction of these muscles must tend to 
cause the 'subradular membrane, and with it the radula, to 
travel backwards and forwards over the ends of the car- 
tilages in the fashion of a chain-saw, and thus to rasp any 
body against which the teeth may be applied. When un- 
distui’bed, the radula is concave from side to side, and the 
teeth of the lateral series, being perpendicular to the sui’face 
to which they are attached, are inclined inwards towards 
one another. But when the intrinsic muscles come into 
action, the radula, as it passes over the ends of the car- 
tilages, becomes flattened, and the lateral teeth are con- 
sequently erected or divaricated. The extrinsic muscles pass 
from the odontophore to the lateral walls of the head, and 
protract or retract the whole apparatus. They may give the 
protruded extremity of the radula a licking motion, which 
is quite independent of the chain-saw action due to the 
intrinsic muscles.* 

The odontophore is developed very early, and it would be 
interesting to know whether it exists in the young of those 
few Odontophora, in which it is wanting in the adult 
state. 

Salivary glands are very generally present in the Odonto- 
phoraff and the liver is usually large. 

As in the Mollusca in general, the blood corpuscles are 


♦ In my memoir “ On the mor- 
phology of the Cephalous Mol- 
lusca” (Phil. Trans. 1852), I de- 
scribed the chain-saw action of the 
odontophore, as I observed it in 
the transparent jFVroZo/rfei- and At- 
lanta, while living. But as Troschel 
has remarked in his excellent 
monograph (‘Das Gehiss der 
Schnecken,’ erste Lieferung, pp. 
19, 20, 1856), I did not sufficiently 
dwell on the freq^uency and im- 
portance of the licking action pro- 
duced by the extrinsic muscles. 1 
am still of opinion, however, that 
this action cannot be rightly de- 
scribed, as a movement of the 


radula following secondarily upon 
that of the cartilages, inasmuch 
as it is a motion of the whole 
odontophore. On the other hand, 
it may be, as has been suggested 
to me by Mr. Geddes, who at my 
suggestion has undertaken a re- 
examination of the structure of the 
odontophore, that the flexure of 
the anterior ends of the odonto- 
phoral cartilages, by the intrinsic 
muscles inserted into them, plays 
an important part in the motion 
of the radula. 

■j* In Dolium the salivary secre- 
tion contains free sulphuric acid. 
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colourless and nucleated. The blood plasma is red in 
Planorhis. 

The heart maybe wanting {Dentalium) or it ma*y resemble 
that of the Lamellibranchs in having two auricles {Chiton, 
Haliotis), and even in being perforated by the rectum 
[Haliotis, Turbo, Nerita) ; most commonly it consists of a 
single auricle and a single ventricle. In the Cephalopods, it 
is hard to say whether the two or four branchio-cardiac 
trunks which open into the ventricle should be regarded 
as veins or as auricles. An accessory “ portal ” heart has 
been described in Doris.* Special respii'atory organs may 
be wanting, their place being taken by processes of the 
body, or by the walls of the mantle cavity, or by the general 
surface. 

The branchiae, when present, are numerous lamellar pro- 
cesses, or from one to four plume-like gills. Aertal respira- 
tion is effected by the walls of a pulmonary sac, which is 
a modification of the pallial cavity. 

The presence of renal organs, in the form of one or more 
sacs situated close to the heart, open to the exteiior on one 
side and, on the other, in relation, usually by means of a 
glandular structure, with the returning current of blood, is 
very general ; and, in many cases, these renal sacs communi- 
cate directly with the blood sinuses through the pericardium. 
In many Pteropods and Heteropods they are rhythmically 
contractile. 

As in the Lamellibranchiata, so in many Odontophora, 
simple or branched canals traverse the substance of the foot 
and open externally by a more or less conspicuous pore, 
which is usually situated upon its inferior face. These 
aquiferous canals, as they have been termed, appear, in many 
cases, to open by their inner ends into the blood sinuses, 
and thus to establish a direct communication between the 
blood and the surrounding water. In species of Pyrula, 
Agassiz found that coloured fluids injected into the pore 
passed into and filled the blood vessels generally. But it 

* Hancock and Embleton, “On the Anatomy of Doris.” (‘Phil. 
Trans.’ 1852.) 



492 THE AJ^ATOMY OF INVEETEBRATED ANIMALS. 


may be doubted whether these canals should be regarded as 
a special system of vessels, rather than as blood sinuses 
which open externally. 

The arrangement of the centres of the nervous system in 
Dentalium * most nearly approaches that which exists in the 
Lmiellihranchiata. Two cerebral ganglia lie close together 
on the haemal side of the oesophagus. A long commissural 
cord connects each of them with one of the pedal ganglia, 
which are also closely united. A second long commissure 
passes backwards from the cerebral ganglia, and often 
presents a ganglionic enlargement at its origin. It unites 
with one of two ganglia, situated close to the anus, and con- 
nected, in front of it, by a rather long transverse commissure. 
The neiwes distributed to the posterior half of the mantle 
are given off from these ganglia, and those to its middle region 
from the anterior end of the commissure or its ganglionic 
enlargement. There seems no reason to doubt that the 
ganglia close to the anus, together with the ganglionic 
enlargements at the anterior ends of the commissures 
which connect them with the cerebral ganglia, correspond 
with the parieto-splanchnic ganglia of the Lamellibranchs, 
and that the cerebral and pedal ganglia are the homologues 
of those so named in the latter MoUusks. 

In addition to this approximation of part of the gan- 
glionic mass of the parieto-splanchnic system to the cerebral 
(ganglia, Dentalium differs from the Lamellibi'anchs and 
resembles other Odontophora, in the possession of a system 
of buccal nerves, which arise from the cerebral ganglia, and 
in which minute ganglia are developed. The nerves which 
proceed from the buccal ganglia are distributed to the 
odontophore and its muscles. 

In other Odontophora, the two cerebral and two pedal 
ganglia, with their commissures, are always to be recog- 
nised ; but the number of the ganglia which represent the 
parieto-splanchnic system may be increased, and the anterior 
ganglia of this system may attain a large size, and may 
• See Lacaze-Duthiers, ‘ Organisation du Dentale.’ 
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come into close relation not only with the cerebral but with 
the pedal ganglia. 

In Lymnoeus palustris* for example, there are five sifch 
ganglia situated close to the cerebro-pedal ring. The most 
anterior of these, on each side, is united with both the 
cerebral and the pedal ganglion of its side ; and appears, 
indeed, like an enlargement upon a second commissure 
between those two ganglia. The ganglia which constitute 
the second pair are united, in front, by a short commissure, 
with the preceding; and, behind, with the fifth or azygos 
ganglion. The second pair of ganglia give off the nerves 
to the light and left sides of the mantle respectively. 

In Limax, and apparently in the terrestrial Pulmonata 
generally, the arrangement is essentially the same, except 
that all the ganglia of the parieto-splanchnic system co- 
alesce into one mass ; between which and the pedal ganglia, 
the aorta passes. 

In Halioti8,f on the other hand, while the anterior parieto- 
splanchnic ganglia are situated close to the pedal ganglia 
and are connected with them and with the cerebral ganglia, 
in such a manner as to give rise to an apparent second 
cerebro-pedal commissure, the ganglia which represent the 
second pair in Lymnoms, are situated at the base of the 
branchia 3 and are united by a long commissure with one 
another, and also with the anterior parieto-splanchnic 
ganglia. Of the latter commissures, that from the left 
branchio-pallial ganglion goes to the right anterior parieto- 
splanchnic ganglion, and vice versa. 

With respect to the position of the cerebral and pedal 
ganglia in the Odontophoray the commonest aiTangement is 
that in which the cerebral ganglia are supra-cesophagseal, 
and are connected by two longer or shorter commissures, 
on each side, with the pedal and anterior parieto-splanchnic 


* Compare Lacaze-Duthiers, 
“ Du systeme nerveux des Mol- 
lusques gasteropodes pulmones 
aquatiques ” (‘Arch, de Zoologie,* 
1872), and the numerous figures 
of the arrangement of the cerebral 


ganglia of the nervous system 
given in his memoir on the 
otocysts. (Ibid.) 

t See Lacaze-Duthiers, “Siir 
le systeme nerveux de Haliotide.” 
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ganglia, both of which are infra- or post-oesophagceal. But 
in many cases (most Nudihranchiata), the pedal and parieto- 
splanchnic ganglia are approximated to the cerebral ganglia 
(the latter being supra-OBsophagaeal), and are united by long 
Bub-OBsophagseal commissures. In others, as in most Ptero- 
poda, the pedal and parieto-splanchnic ganglia are sub- 
c6sophaga3al ; while the cerebral ganglia, brought close to 
them, are united by a supra-oesophagaBal commissure. 

Accessoiy ganglia are frequently developed in the region 
of the heart and branchiae, on the nerves of the parieto- 
splanchnic system. 

A complicated ystem of visceral neives is distributed 
over the whole leij^h of the alimentaiy canal, the genital 
organs, and various parts of the vascular system, in many 
Odontophora* 

Two auditory vesicles usually exist, and very generally 
appear to be sessile upon the pedal ganglia. In the 
Heteropoda, in many Nudibranchiata, as shown by Hancock, 
and in numerous genera of Branchio- and Pulmo^gaateropoda, 
which have been carefully examined by Lacaze-Duthiers,t 
however, there seems to be no doubt that the auditory 
nerves arise from the cerebral ganglia, even though the 
vesicles may be situated close to the pedal ganglia. 

Olfactory organs ceidainly exist in the Cephalopoda in 
the form of saccular involutions of the integument near the 
eyes; and it is very probable that the integument of the 


♦ See especially Hancock and 
Embleton, “The Anatomy of 
Doris ” (Phil. Trans.,’ 1852)* 
f “ Otocystes de© Mollusques.” 
(‘Archives de Zoologie Experi- 
mentale,’ 1872.) In the memoir 
the origin of the acoustic nerves 
from the cerebral ganglia is deter- 
mined in so many Fulmogastero- 
poda (Limax, Arion^ Testacella^ 
ClausUia^ Zonites, Helix, Succinea, 
Fhgsa, LymncBUs, Ancylus) and 
Branchiogaiteropoda, \Neritinay 
Paludina, Cychetoma, Fileopsis, 
Calyptrcea^ Natica, Nassa, Trochus, 


Murex, Cassidaria^ Furpurn, 
Patella, Haliotis, Pkiline, Aplysia, 
Lamellar ia), that there is a large 
basis for the generalisation that 
this mode of origin is universal. 
Moreover, according to Lacaze- 
Duthiers, the same law holds good 
for the Cephalopoda. Such being 
the case, the question suggests 
itself whether the connexion of 
the nerves of the otocysts with 
the pedal ganglia, which obtains 
universally among the Lamelli- 
branchs indicates their real or 
only their apparent origin. 
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tentacTila, or of tlie lips, may subserve tbe same function 
in tbe Gasteropods. 

Eyes are generally present, and are limited to two, situated 
in tbe bead. They resemble tbe vertebrate eye in structure, 
so far as tbey possess a concave retinal expansion and 
usually, in front of tbis, a vitreous bumour, lens, and cornea. 
But tbey differ from tbe eyes of Vertehrata, and I'esemble 
those of other invertebrated animals, in that tbe structures 
which answer to tbe rods and cones are situated on that 
face of tbe retina which is turned towards tbe light, while 
tbe fibres of tbe optic nerve traverse tbe pigment layer to 
reach them. 

Tbe reproductive organs of tbe Odontophora present j 
very great diversities of structure. They may be either 
dioecious or monoecious, and each type of reproductive 
organs may present various degrees of complexity. Of tbe 
dioecious reproductive organs, there are two chief forms; 
tbe one in which tbe duct of tbe ovarium or testis is con- 
tinuous with tbe gland ; and tbe other in which tbe duct 
opens into a sac, into which tbe ova or spermatozoa are 
set free by tbe dehiscence of tbe follicles in which tbey 
are developed. Tbe latter arrangement is met with in tbe 
Cephalopoda ; tbe former appears to prevail among all tbe 
other dioecious Odontophora. 

In these, tbe racemose generative gland is usually situated 
close to tbe liver. In tbe female, tbe oviduct ordinarily 
presents a uterine dilatation towards its termination, which 
is generally situated in the pallial cavity on tbe right side of 
tbe body. In some rare cases (Paludina, Neritina), a dila- 
tation or a special vesicular appendage of tbe uterus may 
serve as a vesicula seminalis ; and, in Paludina^ according 
to Leydig, an albumen gland opens into it. 

A penis is not always present. When it exists, it is a. 
muscular process of tbe mesosoma, to which tbe semen may 
be led frqpi tbe opening of tbe vas deferens by a groove ; or 
it may be traversed by tbe vas deferens which opens near, or 
at, its apex. 

In all tbe monoecious Odontophora which have as yet 
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I been tborougbly examined, there is a generative gland 
■ termed the ovotestie, in which both spermatozoa and ova 
a!fe produced. Only in the anomalous genus Bhodope, 
(KoUiker), are the spermatozoa and ova formed in distinct 
caeca; in all the rest, each ca3cum is hermaphrodite, the 
spermatozoa and the ova being usually developed in dif- 
ferent parts of the caecum. The duct of the ovotestis may 
remain single to its termination at the genital aperture ; or 
become only incompletely divided into two semicanals 
{Pteropoda, Pleurophyllidia, Umbrella, Aplysia) ; or it may 
become, at first, partially, and then completely, divided into 
an oviduct and a vas deferens (Nudihranchiata, Pleuro- 
hranchia, Pulmonata). 

In the former case, there is but one genital aperture. The 
common duct usually receives the secretion of a uterine 
gland which may take the foim of a special albumen gland, 
and a spermatheca opens into it near its outer extremity ; 
while, on the male side, a vesicula seminalis, and an eversible 
penis may be added. — The penis, however, may be distant 
from the genital opening, and then a groove on the side of 
the body leads to it (Aplysia), In the latter case, there are 
two genital apertures, one for the male and one for the 
female organs, though they may open into a common ves- 
tibule. The penis is an eversible involution of the integu- 
ment, on which the vas deferens opens. A prostate gland 
is usually connected with the latter, and, near its opening, 
there may be a saccular appendage, in which a hard pointed 
body, the spiculum amoris, is contained (Doris, Helicidce). 
An albumen gland opens into the uterus, and a spermatheca 
is connected wdth the vagina. 

Spermatophores, by the aid of which the spermatozoa are 
transferred into the female or^ns, occur in the Cephalo- 
poda, and in the Pulmonata. In the latter they are grooved 
bands, or incomplete tubes of hardened mucus secreted by 
the penis, which become filled with spermatozoa during 
copulation ; while, in the former, they are closed cases which 
may have a very complex structure. 

In the great majority of the Vdontophora, the young 
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leaves the egg as a veliger very similar to that of the 
Lamellihranchiata. The velum usually becomes bilobed, 
and sometimes {Heterojpoda)^ its margins are produced into 
many tentaculiform processes ; and, in all Pteropoda and 
Branchiogasteropoda, whether the adult possess a mantle 
and a shell or not, the larva is provided with both, the shell f 
being at first a simple conical symmetrical cap, developed] 
in the middle line of the mantle. The eyes make their] 
appearance behind the velum, and the tentacles in front' 
of or upon it. 

While the course of the development of the embryo in 
the Odontophora presents a general uniformity, there are 
wide differences in detail. 

In Palvdina* the blastomeres produced by yelk division 
are of equal size. They arrange themselves into a vesicular 
morula, which undergoes invagination and becomes a gas- 
trula of the simplest type. The aperture of invagination 
(blastopore) becomes the anus, while the mouth is fonned 
by an involution of the ectoderm of the anterior end of the 
body, which extends towards and eventually opens into, the 
blind end of the archenteron or primitive alimentary sac. 
A ciliated velum is developed on the haemal side of the 
mouth ; and a ‘ shell gland ’ appears in the centre of the 
area which gives rise to the mantle. 

In Lymnoeu8,f also, cleavage ends in the production of 
blastomeres of equal size, whether with or without a tran- / 
sitory stage of inequality, and the vesicular morula under- ( 
goes invagination to give rise to the archenteron. The 
blastopore is elongated, and it appears to be likely that 
its anteiior and posterior ends may coincide with, if they 
do not give rise to, the mouth and anus respectively. 

In most Odontophora, the process of yelk division goes on \ 
unequally, and results in the production of large and small 

* Lankester, “ On the coinci- the development of the Pond 
dence of the blastopore and Snail” (‘Quarterly Journal of 
anus in Paludina vivipara.^* Microscopical Science,’ 1874), and 
(‘ Quarterly Journal of Micro- C. Rabl, “Die Ontogenie der Siiss- 
scopical Science,’ 1876.) wasser Pulmonaten” (‘Jen. Zeit- 

t Lankester, “ Observations on schrift,’ 1875). 

2 E 
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jblastomeres (macromeres and micromeres). The latter 
form a layer which gradually extends over the macromeres 
and encloses them. Obviously this comes to the same 
result as invagination ; and the included macromeres and 
their progeny either become converted into the archenteron 
with its appendages, and more or less of the mesoblast ; or 
a portion of them may serve as food yelk. 

In the Pteropoda and Heteropoda,* and in Nassa, Natica, 
and Fususjf the blastopore, or aperture circumscribed by 
the edges of the micromeral layer as it grows round the 
macromeres, closes, but corresponds in position to the in- 
vagination of the ectoderm which gives rise to the future 
mouth ; and the anus is a new formation. 

In such land Pulmonata as lAmax, the process of yelk 
division gives rise to macromeres and micromeres, and the 
latter enclose the former. What becomes of the blastopore 
is not clear, though I am inclined to think that it corre- 
sponds in position with the mouth. The latter is seen very 
early a« a funnel-shaped invagination of the epiblast 
bounded by lateral lips. Behind it, the foot grows out and 
rapidly attains a considerable size. Its posterior extremity 
becomes flattened from above downwards, and converted 
into an orbicular appendage, the opposite walls of which 
are connected by reticulated muscle-cells. This appendage 
undergoes rhythmical movements of dilatation and contrac- 
tions. The macromeres form a large mass enclosed within 
a spheroidal dilatation of the greater part of the heemal 
wall of the body, which deserves the name of yelk-sac 
even better than the structure so named in the Cephalopoda, 
inasmuch as it more nearly corresponds, morphologically, 
with the vitelline sac of vertebrated animals. Between this 
sac and the foot, the small remainder of the hsemal wall 
becomes converted into the mantle. 

The walls of the vitelline sac undergo contractions which 

* Fol, “ Etudes sur le develop- f Bobretsky, “ Studien iiber 
j^ment des Mollusques.” (‘Arch. dieembryonale Entwickelungder 

de Zoologie experimentale/ 1875, Gastropoden.” (‘Archiv f. Mikr. 
1876.) Anat./ 1876.) 
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sometimes, but not always, alternate with those of the pedal 
appendage. On each side of it appears the “ primitive kid- 
ney,’’ consisting of a curved elongated series of cells within 
which concretions are developed, and terminating in a duct 
which opens on the posterior face of the vitelline sac, close 
to the mantle. The exact mode of origin o^ the alimentary 
canal has not been made out ; but, in any case, only a very 
small portion of the endodermal cells can take part in its 
formation, and the archenteron is, at first, a sac which nearly 
fills the small projection formed by the rudimentary mantle. 
The oral involution of the ectoderm gives rise to the odon- 
tophore, and extends across the base of the foot to open, 
eventually, into the archenteron. 

The fold of the mantle which overhangs the respiratory 
aperture, makes its appearance very early ; and immediately 
behind it, the intestine is visible as a short tube, which 
extends from the archenteron to the surface, but does not, 
at first, open there. 

As development proceeds, a movement of the macromerie 
part of the vitellus takes place in exactly the opposite direc- 
tion to that of the food yelk of the Cephalopoda ; that is to 
say, from the vitelline sac into the constantly enlarging 
foot. The alimentary canal accompanies it, the anus alone 
remaining in its primitive position. The constantly 
lengthening alimentary canal becomes disposed in folds ; 
between these, the macromeric part of the vitellus, which 
gradually forsakes the diminishing \itelline sac, disposes 
itself around the coils of the intestine. Eventually, for the 
most part, it becomes converted into the liver. 

The rudimentary shell first makes its appearance in the 
form of a few subcrystalline calcareous plates, on the inner 
side of the ectoderm.* 

The development of Helix is similar to that of Limax ; 
but the intestine passes into the lai'ge visceral sac instead 
of into the cavity of the mesosoma. The shell is stated by 
Gegenbaur to be at first internal, as in lAmax. In neither 

* Compare Gegenbaur, “ Zur Entwickelungsgeschichte der Land- 
Gasteropoden,’’ (‘ Zeitschrift fur Wise. Zoologie,’ lfr52.) 
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case, has the relation of the shell to the shell-gland been 
determined. 

^The process of development appears to present a consider- 
able range of variation in the Pulmonata. Semper * states 
of a species of Vaginulus^ that, after the process of cleavage, 
the embryo assumes the form of a cylinder, at one pole of 
which the rudiments of the tentacula and of the lips appear ; 
while, at the sides, a longitudinal ridge indicates the edge 
of the mantle, and marks off the more convex pallial region 
from the flat foot. No shell is formed. 

In LymncBus,^ as has been already stated, the vitellus 
! undergoes complete division, and the resulting vesicular 
morula undergoes invagination to produce the hypoblast. 
Only the middle part of the archenteron becomes the ali- 
mentary canal, however. The lateral portions, which take 
on the form of rounded sacs, may not improbably, as in the 
Brachiopods, give rise to the perivisceral cavity, though 
this has not been proved. The mouth is produced by the 
formation of an opening in the coalesced endoderm and 
ectoderm, at a point near the anterior end of the body. 
Upon each side of the mouth a transverse ciliated ridge of 
the ectoderm is developed, and represents the edge of the 
velum in other molluscan embryos. Behind this, and on the 
opposite side of the embryo to that on which the mouth is 
placed, a raised patch of the ectoderm represents the mantle. 
The foot commences as a papilla immediately behind the 
mouth. An involution of the centre of the pallial ectoderm 
gives rise to a shell- gland, but the proper shell is developed, 
independently^^f this, as a cuticular secretion from the 
whole surface of the mantle. 

I Thus the embryo of Lymneeus possesses an incompletely 
developed velum, and is, in all essential respects, similar to 
the veligerous embryo of Lamellibranchs, Pteropods, and 
Gfasteropods ; while the Slugs and Land-snails have neither 

* ‘ Entwickelungggeschichte der Snai 1, Lymrupus atagnalis^ (‘ Quar- 

Ampullaria polita* terly Journal of Microscopical 

t bankester, Observations on Science,’ voi. xiv., New Series.) 
the Development of the Pond 
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the velum (unless it be represented by the anterior contrac- 
tile sac) nor the external embryonic shell. 

The development of the Cephalopoda is very unlike that 
of other Mollusks, and will be dealt with under the head 
of that group. 

Fig. 121. 



Fig. 121. — I. Chiton Wbssnessenskii. (After Mi ddendorf.) 

11. Chiton dissected to show o, the mouth ; the nervous ring ; ao, the 
aorta; c, the ventricle ; c', an auricle ; 5r, the left branchiae ; od, the 
oviducts. (After Cuvier.) 

TII. IV. V. Stages of development of Chiton cinereus^ (After Loven.) 


The lowest forms of the Odontophora are the Polyplaco- 
phora, or Chitonidce, and the Scaphopoda, or Dentalidoe. 
The bilateral symmetry of the body is completely or almost 
completely, undisturbed, while the haemal wall is flat, or 
nearly so, and there is no visceral sac. 
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The POLYPLACOPHORA.— The Chitons (Fig. 121, I.) are 
elongated, sluglike animals, having the mouth at one end of 
tJfce body, and the anus at the opposite extremity. A rounded 
lobe surmounts the mouth, but it bears no eyes nor tentacula, 
and there is no definite head. The edges of the mantle are 
thickened, but little prominent, so that the pallial cavity 
is not much more than an elongated groove, beneath, and 
internal to, the thickened edge, which is sometimes beset 
with setae. In the region in which these setae occur, the 
surface of the mantle is covered by a thick cuticula. The 
setae, which may be merely chitinous or completely calcified, 
or partly in the one and partly in the other condition, are 
■ developed in sacs lined by the cells of the ectoderm.* In 
the pallial groove lie the short lamellar processes which re- 
present the branchiao. The shell is unlike that of any other 
' Mollusk. It consists of eight, transversely elongated, symme- 
' trical pieces, arranged one behind the other, overlapping in 
such a manner that the posterior edge of the one covers the 
anterior edge of the next, and articulated together. Some- 
times the valves are partially or completely enclosed in the 
mantle. The heart, composed of a single median ventricle 
and two lateral auricles, is placed in the middle line, above 
the rectum, at the posterior end of the body. The aorta 
is continued forwards from its anterior end, while the auri- 
cles receive the blood from the branchiae. In Chiton piceus, 

I according to Schifi‘,t each auricle communicates by two 
I openings with the ventricle, and the two auricles are united 
i behind. The reproductive organ is median and symme- 
trical, and its two ducts open on each side of, and not far 
from, the anus. 

The embryo leaves the egg as an oval body, surrounded 
near its anterior end by a circular ciliated band, behind 
which an eye-spot appears on each side (Fig. I2I, III.). The 
segments of the shell appear while the young Chiton is still 
locomotive, and the disk in front of the ciliated band 

* Beincke, “ Beitrage zur Bil- senschaftliche Zoolorie.’) 
dungsgeschichte der Stacheln, f ‘Zeitschriftfiir Wissenchaft- 
u. 8. w.” (‘ Zeitschrift fUr Wis- liche Zoologie,’ 1858. 
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becomes converted into the lobe above the month 
(Fig. 121, lY. Y.). The Chitons have existed from the 
Silurian epoch to the present day, apparently with v^ry 
little modification. 

The ScAPHOPODA.* — In Dentalium, the shell is elongated, 
conical and curved, like an elephant’s tusk, with the apex 
broken off, and it is open at both ends. The animal has 
a large mantle corresponding in form with the shell, and 
also open at both ends, the margins of the anterior, larger, 
aperture being much thickened. The mouth, placed at the 
extremity of a sort of cup, the margin of which is fringed 
with papillae, is situated far behind the anterior opening 
of the mantle. Behind the oral cup, where the body joins 
the mantle, is a transverse muscular ridge, from which pro- 
ceed a great number of long tentacles. These protrude 
through the anterior opening of the mantle, and play the 
part of prehensile organs. Behind and below the oral cup 
the very long subcylindrical foot proceeds. Near its ex- 
tremity are two lateral fleshy lobes which perhaps corre- 
spond with the epipodia of other Mollusks. The oral cup 
leads into a buccal chamber containing the odontophore, 
whence the cesophagus passes to the stomach. The liver 
consists of two symmetrically -branched divisions ; and the 
intestine, after becoming coiled upon itself, ends in a pro- 
minent anal papilla, in the median line, behind the root of 
the foot. There is no hear t, but the blood fills spacious 
sinuses. There are no special respiratory organs distiuct 
from the wall of the pallial cavity. The two renal organs 
open, one on each side of the anus. The renal blood 
sinus communicates directly with the pallial cavity by 
two apertures, situated close to those of the renal organs. 
In the nervous system, the commissures of the parieto- 
splanchnic ganglia pass directly to the cerebral ganglia, as 
in the Lamellibranchs. The sexes are distinct and the 

* A very complete and accurate toire de 1’ organisation, du deve- 
account of the organisation of loppement, des moeurs et des rap- 
Dentalium is given in the mono- ports zoologiques des Dentales,” 
graph of Lacaze-Duthiers, “ Bis- 1858. 
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genital gland is single and sjmimetrical, though its duct 
opens into the right renal organ. The embryo is at first 
surrounded by a number of ciliated rings, its anterior end 
presenting a tuft of long cilia. By degrees, the cilia 
become restricted to the edges of a disk, into which the 
anterior end of the embryo expands, and which represents 
the pr2B-oral ciliated velum of the Lamellibranchs. The 
mantle now appears on the dorsal aspect of the body, 
behind this disk. Its ventral edges are free, and it secretes 
a shelly plate of corresponding form. But, as development 
advances, the edges of both mantle and shell unite in the 
median ventral line, leaving the anterior and the posterior 
ends open. 

The Scaphopoda are an ancient group, remains of them 
occurring as far back as the Devonian Epoch. 

The higher Odontophora (or the Gasteropoda, Pteropoda, 
and Cephalopoda of Cuvier) fall into two divisions, according 
to the structure and arrangement of the parts of the foot. 
In the one division (the Gasteropoda and Pteropoda) it may 
be a simple disk, or it may be divided into three portions — 
an anterior (the propodium), a middle (the mesopodium), 
and a posterior (the metapodium) ; and it may be still f urthei 
complicated by the development from its sides of muscular 
expansions — the epipodia. But whatever the shape of the 
foot in these MoUusks, its margins are not produced into 
prehensile processes, and its antero-lateral portions do not 
extend- beyond the sides of the head, and unite in front of 
the mouth. 

In the other division (the Cephalopoda), the margins of 
the foot are produced into prehensile processes or arms, and 
the antero-lateral regions of the foot extend over, and 
unite in front of, the mouth, in such a manner that the 
latter is placed in the centre of the discoidal foot.* 

♦ See for a valuable discussion factorily, controverted, Gren- 
of the homologies of the arms and acher, “ Zur Entwickelungsge- 
the fUnnel of the Cephalopoda, in schichte der Cephalopoden.’^ 
which the view here taken is (‘ Zeitschrift fur Wiss. Zoologie,’ 
ably, though I do not think, satis- 1874.) 
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In the former division, that is in all Pteropoda, in all 
those Gasteropoda which breathe the air dissolved in water 
' Branchiogasteropoda), and in some of those which breathe 
lir directly (Pulmogasteropoda) the embryo is, as in the 
Scaphopoda and Polyplacophora, a veliger ; or, at any rate, 
it has ciliated bands which subserve locomotion. But, in 
the Cephalopoda, no such velum is formed, and the animal 
acquires the general characters of the adult before leaving 
the egg. 

A shell-gland is often, if not always, present in the embryo 
of the higher Odontophora ; and, in all Pteropods and Bran- 
chiogasteropods, the mantle secretes a cuticular shell, which, 
however, may exist only during the larval condition. 

If the arrangement of the alimentary canal in a 
Cephalopod, or a Pteropod, be compared with that which 
obtains in such a Branchio-gasteropod as Atlanta, it will 
be observed that, in the former, the oesophagus enters the 
outgrowth of the haemal region of the body which con- 
stitutes the visceral sac, to reach the stomach ; and that the 
intestine passes, at an acute angle with the anterior portion 
of the alimentary canal, along the posterior face of the 
visceral sac, to end in the pallial chamber, which is situated 
on the posterior face of the body. The pedal ganglia con- 
sequently lie between lines traversing the anterior and the 
postenor divisions of the alimentary canal respectively ; and 
hence the alimentary canal has a neural flexure, or is bent 
towards the neural face of the body. 

In Atlanta, on the other hand, the intestine, when it leaves 
the stomach, passes along the anterior face of the visceral 
sac, to reach the pallial cavity, which is situated on the 
anterior face of the body. Hence lines traversing the two 
divisions of the alimentary canal would enclose, not the 
pedal, but the cerebral ganglia. In other words, the in- 
testine is bent in the opposite direction to that which it 
takes in the Cephalopod, or has a haemal flexure* 

The haemal flexure of the intestine is very characteristic 

* Huxley “ On the Morphology of the Cephalous Mollusca.” (‘Phil. 
Trans.' 1652.) 
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of the Branchiogasteropodaf and is completed at an early 
stage of their development. 

In such a slightly modified Odontophoran as Chiton, the 
heart presents its normal position in the posterior region 
of the haemal face of the body, and has its aortic end 
turned forwards. Although the branchiae are situated at the 
sides of the body, the blood which passes through them 
must take a backward course to reach the heart ; and thus 
the branchiae may be said to be vii*tually behind the heart ; 
and the animal is truly opisthohranchiate. It appears to 
be otherwise with such a Gasteropod as Buccinum, in 
which the gills lie actually in front of the heaii; ; and the 
animal is therefore said to be prosohranchiate. It must be 
recollected, however, that strictly speaking, no Odonto- 
phoran is other than opisthobranchiate. The anus repre- 
sents the morphological hinder end of the body, and the 
auricle of the heart, into which the current of blood from 
the branchia3 passes, is never, morphologically, posterior to 
the branchiao. 

This is perfectly obvious in the Cephalopoda. In the 
position which the animal frequently assumes and in which 
it is ordinarily represented, the gills are in front of the 
heart. But if the MoUusk is placed in its morphologically 
correct position with the oral face of the arms downwards, 
it will at once be seen that what is commonly called the 
ventral face of the animal is the posterior half of its haemal 
face, and that the heart lies, morphologically, anterior to 
the branchiae. 

In such Branchiogasteropods as are prosohranchiate, the 
gills come to lie in front of the heart in consequence of 
their having followed the twisted intestine forwards and to 
the haemal side of the body. 

I The Pteropoda.* — In this group of small pelagic animals 
I there is no distinct head, the eyes and the ordinaiy tentacles 

* See Rang and SouWet, ‘ His- ‘ Untersuchungen iiber die Ptero- 
toire naturelle des Mollusques poden und Heteropoden,’ 1855. 
Pteropodes and ^Gegenbaar, 
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remaining rudimentary. Auditory sacs are attached to the 
pedal ganglia. Sometimes (Pneumodermon) two eversible 
spinose tentacular organs are developed at the sides of 4}he 
mouth, and, in addition, two acetabuliferous tentacles take 
their origin on the iiyier side of a cup-like hood, which 
surrounds the anterior end of the body.* CymbuUa is stated 
to possess no radula. The epipodia are large muscular ex- 
pansions, by the flapping of which the Pteropods swim ; i 
but the rest of the foot is always small, and often rudi-, 
mentary, in correspondence with the small size of the 
neural face of the body. 

The haemal face, on the contrary, is always produced, as 
in the Cephalopoda, into a relatively large visceral sac; 
and in some (the Thecosomata) this visceral sac is co-exten- 
sive with the mantle, which is protected by a shell. In 
others {Gymnosomata) the mantle early disappears, and there 
is no shell. In Cymhulia, the delicate transparent chitinous 
shell is internal and is invested by an epithelial layer 
derived from the mantle. In Spirialis, the foot bears an 
operculum. Chromatophores similar to those of the Ce- 
phalopoda occur in Tiedemannia. 

In the Thecosomata, the free lobe of the mantle, which 
encloses a spacious pallial cavity, usually lies on the posterior 
aspect of the visceral sac, as in the Cephalopoda, and the 
rectum terminates in it, on one side of the middle line. 
In these there is a simple neural flexure of the alimentary 
canal, as in the Cephalopods, although the turning of the 
rectum to one side destroys the symmetry of the body. In 
Limacina and Spirialis, the intestine appears to be bent 
round to the anterior face of the visceral sac, the mantle- 
cavity accompanying it, so that the opening of the mantle 
is placed on the anterior, instead of on the posterior, face 
of the visceral sac. There are no distinct gills in the 
Thecosomata, but the lining of the mantle-cavity subserves 

* See for the somewhat similar Macdonald, “On the Zoological 
arrangements in CV/owe,Eschricht, characters of the living Clio cau- 
‘ Anatomische Untersuchungen data.* (‘ Trans, Royal Society of 
iiber Clione borealis^* 1858, and Edinburgh,’ 1863.) 
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the function of respiration, and is sometimes produced into 
folds, which doubtless aid in the performance of that func- 
tidn. Processes of the body, to which the office of gills is 
ascribed, are found in some Gymnosomata {Pneumodermon 
Spongohranchia). , 

The heart consists of a single auricle and a single ven- 
tricle. The auricle lies close to the pallial cavity, and re- 
ceives the aerated blood from its walls. The ventricle is 
sometimes directed forwards (as in all Gymnosomata), and 
sometimes backwards, so that nearly related forms are 
sometimes opisthobranchiate, sometimes prosobranchiate. 
The branches of the aortic trunk soon terminate in lacunas 
by which the blood is conveyed back to the walls of the 
j mantle-cavity. The renal organ is a contractile sac with 
I delicate walls, which opens on one side into the pallial 
chamber, and on the other into the pericardial sinus. 

The Thecosomata have the principal ganglia concentrated 
around the gullet — the cerebral ganglia being lateral and 
united by a long commissure. 

In the Gymnosomata the ganglia are more scattered, but 
the aiTangement of their nervous system needs re-exami- 
nation. 

All the Pteropoda are provided with an ovotestis. This is 
a racemose gland, in the ultimate caeca of which both ova 
and spermatozoa are developed. The spermatozoa make 
their appearance at the closed end of the caecum and accumu- 
late in its cavity ; the ova are developed from the epithelial 
tissue of the caecum, somewhat lower down; nevertheless 
fecundation does not take place in the ovotestis, probably 
in consequence of the ova and spermatozoa attaining 
maturity at different times. The ovotestis has a single 
excretory duct, the termination of which may be provided 
with a receptamdvm seminis and connected with a penis. 

The young of the Pteropoda leave the egg provided with 
a velum, with a rudimentary shell, and probably with an 
operculum. In most of the Thecosomata, the shell is re- 
tained and forms the commencement of that of the adult, 
while the vela disappear and the epipodia are developed. 
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In Cymhuliat tlie primary external sllell is shed and the 
chitinouB internal shell is a secondary development. In 
the Gymnosomata, the primary shell is also cast off, hut 
is not replaced, and three girdles of cilia are developed on 
the surface of the body.* 

The Silurian genera Tentaculltes, Theca, Pterotheca, Conu~ 
laria, Ecculiomphalus are referred to the Pteropoda, but 
they differ much from all existing forms. Unquestionable 
Pteropoda are not known earlier than the tertiary formations. 

The Beanchiogasteropoda. — In all the members of 
this group, the development of which has hitherto been 
studied, the intestine becomes twisted round on to the 
anterior face of the body, in such a manner that the 
alimentary canal has a completely haemal flexure, even in 
the veligerous embryo. Hence, in the adult, the intestine 
springs from the ha3mal or dorsal, and not from the ventral 
or neural, aspect of the stomach ; and the pallial cavity, 
when it exists, is placed upon the anteiior haemal face of 
the body. 

In the embryo, the shell always makes its appearance as 
a conical, symmetrical, median cap. This embryonic shell 
usually persists at the apex of that of the adult, the form 
of which is modelled upon that of the visceral sac, and 
hence, like the latter, is usually spiral. The embryo is 
also very generally, if not universally, provided with an 
operculum. 

The shell and operculum of the embryo disappear in the 
naked Branchiogasteropods ; but the primitive external 
shell is sometimes replaced by an internal shell lodged in a 
cavity of the mantle {e.g. Aplysia). Usually, the Branchio- 
gasteropods possess a distinct head provided with a pair of 
tentacles and with two eyes, which may either be sessile or 
mounted upon peduncles of theii* own. 

* Gegenbaur, 1. c. ; Krohn, ITeteropoden,” 1860; and Fol, 
“ Beitrage zur Entwickelungs- “Etudes.” Archives de Zool. 
geschichte der Pteropoden uud Experimeutale/ 1875 and 1876.) 
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The mouth may be armed with chitinous jaw-plates, in 
addition to the radula. The heart is generally composed 
of ‘•a ventricle and a single auricle, but sometimes there 
are two auricles. 

The Branchiogasteropoda fall into two distinct series, of 
which the one is hermaphrodite (the genital gland being 
an ovotestis) and invariably opisthobranchiate; while the 
other is unisexual and usually prosobranchiate. In each 
series, there are some forms which are provided with a large 
mantle; and others, in which the mantle is altogether 
abortive (Nudihranchiata, Firola). These chlamydate and 
achlamydate Branchiogasteropods correspond with the 
Thecosomata and JJymnosomata among the Pteropods. 

The chlamydate Branchiogasteropods are usually pro- 
vided with branchiaQ, which either take the form of 
numerous lamellae, or of two plume-like organs, sometimes 
reduced to one functional gill and a rudiment of the 
second. In the achlamydate forms, true gills are usually 
absent, though they may be replaced functionally by 
processes of the haemal body- wall. 

Among the Opisthohranchiata, Phyllidia is nearly symme- 
trical, the anus being situated at the posterior end of the 
body, and there is a large mantle, devoid of a shell. There 
is no pallial cavity, and the branchiae are numerous lamella*, 
placed on each side of the body, between the free edge of 
the mantle and the foot. In Aplysia, the mantle is rela- 
tively small, and possesses an internal shell ; the branchia*, 
the anus, and the reproductive apertures are placed on 
the right side of the body. In this genus, and in Gastero- 
pteron, there are very large epipodial lobes, by the aid of 
which some species propel themselves like Pteropods. 

The Nudihranchiata have no mantle, and the anus is 
usually situated on the right side of the body ; sometimes, 
however, as in Doris, it is terminal. In the pelagic Phylli- 
rhoe, the foot aborts, as well as the mantle, and the body 
has the form of an elongated sac. 

The gastric portion of the alimentary canal becomes 
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complicated by division into several portions, some of wbicb 
are provided with cbitinous or calcareous plates, or teeth, 
in Aplysia, Bulla, and other genera. In many Nudibranchs, 
as Eolis, the liver is represented by a much-branched tubular 
organ, the Ciscal ultimate ramifications of which end in the 
elongated dorsal papillae. The apices of these papillae 
contain thread cells. 


In the series of the Prosohranchiaia, the great majority 
are not only chlamydate, but there is a spacious branchial 
chamber, and the pallial wall of the body is produced into a 
conical visceral sac, which contains the stomach, liver, and 
genital organs. It is usually asymmetrically coiled, and is 
protected by the shell. No Opisthobranch possesses a 
large visceral sac of this kind. On the other hand, no 
Prosobranch is, like Phyllidia, symmetrical, with the anus 
at the posterior end of the body. Patella and Msmrella 
are nearly symmetrical, but the anus is anterior. 


The Prosohranchiaia have, at most, rudiments of epipodia, 
but the rest of the foot often acquires a much greater 
development than in the Opisthohranchiata, and a chitinous 
or shelly plate — the operculum — is frequently developed 
from the dorsal or haimal aspect of the metapodium. The 
differentiation of the foot attains its highest degree in the 
so-called jffeteropoda, in which the propodium, mesopodium, 
and metapodium differ widely in form, — the propodium 
being broad and fin-like, and constituting the chief organ 
of locomotion in these free-swimming oceanic animals. 

In the Limpets {Patellidm), the visceral sac forms merely 
a conical projection of the haemal surface, and the numerous 
lamellar, or filamentous, respiratory organs, are lodged 
between the free edges of the mantle and the sides of the 
body. In the other chlamydate Prosohranchiaia, except the 
Cyclostomata, there are two plumose gills lodged in a pallial 
chamber situated on the anterior face of the visceral mass, 
which is usually large and spirally coiled. Sometimes, as 
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in the division of the Aspidohranchia^ the two branchia) are 
equal equal in size. Sometimes one is so much 

ailtaller' than the other as to be nearly abortive {Cteno- 
hranchim^ Ampullaria has a pulmonary cavity as well as 
gills. On the other hand, the Cyclostomata have no 
branchiae, but breathe air by means of the parietes of the 
pallial chamber, whence they are ordinarily reckoned 
among the Pnlmonata, which they resembld^ in their 
terrestrial habits. In many Prosohranchlata, the wall of 
the branchial chamber is produced into a muscular spout- 
like prolongation, termed the siphon, which serves to direct 
the branchial current. The presence of this siphon is 
usually accompanied by a notch or grooved process of 
the shell, and by carnivorous habits. 

In the Heteropoda, there is a gradual reduction of the 
mantle, from Atlanta, in, which the mantle and shell have the 
ordinary proportions, and the departure from the ordinary 
Gasteropod type is but little greater than that observed in 
Stromhiis and Pteroceras, through Carinaria, in which the 
mantle is much reduced, and the shell is a mere conical 
cap, to Firola, in which the mantle and shell are wanting 
in the adult, and which, therefore, correspond with the 
achlamydate Pteropoda and Opisthohranchiata. 

In many genera of the Ctenohranchia, and especially 
among the carnivorous forms, the mouth is situated at the 
end of a long proboscis, which contains the odontophore, 
and a great part of the long msophagus. This proboscis 
is protruded and retracted by special muscles.* 

The eggs are often laid in capsules secreted by the walls 
of the oviduct. In Neritina, Purpura, and Buccinum, each 
capsule contains a considerable number of ova, but of these 
only a few (one in Neritina) become embryos, and devour 
the rest.f 

* See the description of the na littoralis Norvegise,’ ii. 1856), 
proboscis oftheWhelk in Cuvier's and Carpenter “On the develop- 
* M^iIK)ire8 sur les Mollusques.’ ment of the embryo of Purpura 

+ Koren and Daniel Issen, faptY/us "( Trans. Micr. Society, 
“ Recherches sur le developpe- 1854, and ‘ Annals of Nat. Hist.,’ 
ment des Pectinibranches ” (‘Fau- 1 857). Cjaparede, “Anatomie und 
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Tlie parasitic habit which is so rare among the Mollmca 
occurs in the genus Stylifer, which infests Star-fishes and 
Sea-urchins, sometimes imbedding itself in the perisom* ; 
and, under a very remarkable and not yet thoroughly under- 
stood form, in the singular parasite of another Echinoderm, 
Synapta digitata, termed by its discoverer, Muller, Ento- 
concha mirahilis* 

In some few of the Synoptoc (not more than one, or 
perhaps two, in a hundred), elongated tubular mollushigeroiis 
sacs are found attached by one extremity to one of the 
intestinal vessels ; while the opposite end either hangs 
freely into the perivisceral cavity, or may be entangled 
among the bases of the tentacles, at the cephalic extremity 
of the body of the Synapta. The sac is closed, but, at its 
attached end, a long invagination extends into its interioi*. 
The cavity of the sac beyond the closed extremity of the 
invagination contains an ovary ; and, beyond this, a certain 
number of free seminal capsules. The ova are detached from 
the ovary, an4 undergo their development in envelopes, 
each containing many ova, which gradually fill the cavity 
of the molluskigerous sac. From these ova, embryos, pro- 
vided with a velum, shell, and operculum proceed. A large 
pallial cavity is soon apparent ; but, in the most advanced 
stages of development observed, it contained no bran- 
chiae. 

What becomes of these larvae is unknown, nor is it even 
certain to what grou2> of the Odontophora, Entoconeha 
belongs. 

The PuLMOiSTATA. — These are odontophorous Mollusks 
which breathe air directly, by means of a respiratory 
surface furnished by the wall of the pallial cavity. 

In some, such as the Peroniadic (Fig. 123) and Veroii!- 
cellidce, the body of the slug-like animal is very nearly 

Kntwickelungsgeschichte der ken in Holothurien,’ 1852. Baur, 
Neritina jiuviatilisP (‘Archiv fur “ lleber Synapta digitata.'* 
Anatomie,' 1857.) (*Mova Acta,’ xxxi. 1864.) 

* ‘ Die Erzeugung von Schnec- 

2 L 
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Bymmetrical ; tlie anus and tlie lung- sac being situated 
close together at the posterior extremity of the body. The 
rftantle is large, and extends over the whole hsemal or 
dorsal surface. In all the other Pulmonata, the pulmonary 
and the anal apertures lie on the right side of the body, 
and the mantle is provided with at least the rudiments of 
a shell. The pallial region is sometimes very small in pro- 
portion to the rest of the body, and then forms a flattened 
disk, as in the common Slug ; while, in some Limacidce and 
Testacellidoe, and in the Janellidce, the mantle is so much re- 
duced that they are almost achlamydate. In the Snails, the 
I mantle is large and is produced into an asymmetrically 
coiled visceral sac, in which the stomach, liver, and genital 
gland lie. The mantle- cavity lies on the fore part of the 
sac, and the anus opens on its margin. Thus, in all the 
ordinary Pulmonata, the termination of the intestine is 
twisted from its normal position at the hinder end, forwards 
to the right dorsal, or hsemal, aspect of the body. 

When the pulmonary sac is posterior, and the pallial re- 
gion small, the ventricle of the heart is anterior, and the 
auricle posterior, and the animal may be said to be opistho- 
puhnonate. On the other hand, when the pallial region is 
large, and gives rise to a visceral sac, with the concomitant 
forward position of the pulmonary chamber, the auricle is 
inclined more or less forwards and to the right side, and 
the apex of the -ventricle backwards and to the left side. 
The animal is thus more or less prosopulmonate. 

The mouth is commonly pro-vided with a homy upper 
jaw, as well as -with a well-developed odontophore. Large 
salivary glands are usually present. 

The heart consists of a single auricle and a single ven- 
tricle. The aortic trunk, which proceeds from the apex 
of the latter, divides into many branches, but the venous 
channels are altogether lacunar. A renal organ lies close 
to the pulmonary sac in the course of the current of the 
returning blood. 

There are usually two simple eyes, often lodged in the 
summits of retractile teutacula. 
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The Pulmonata are hermaphrodite. The generative gland 
Fig. 122. 



Fig. 122. — Diagram exhibiting the disposition of the intestine, nervous 
system, etc., in a common Snail (Heliv).—a, mouth ; b tooth ; c, 
odontophore; d, gullet; its dilatation into a sort of crop; J\ 
stomach; y, coiled termination of the visceral mass: the latter is 
also close to the commencement of the intestine, which will be seen 
to lie on the neural side of the oesophatrus ; /i, rectum ; i, anus ; 
renal sac; /, heart; m, lung, or modified pallial chamber; w, its 
external aperture; o, thick edge of the mantle united with the 
sides of the body ; /?, foot ; r,«, cerebral, pedal, and parieto splanchnic 
ganglia aggregated round the gullet. 

is an ovotestis, and is composed of branched tubuli, from 

2 L 2 
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tlie cellular contents of whicli both ova and spermatozoa 
are developed (Fig. 123, III.). 

•'A narrow common duct leads from the ovotestis, and, 
soon dilating, receives the viscid secretion of a large 
albumen gland. The much wider portion of the common 
duct beyond the attachment of this gland is incompletely 
divided by longitudinal infoldings into a sacculated, wider, 
and a straight, narrower, division. The former conveys the 
ova, and the latter the spermatozoa. At the end of this 
part of the apparatus, the wider portion, which represents 
the oviduct, passes into the vagina, which opens at the 
female genital aperture, while the narrower portion of the 
common duct is continued into a separate, narrow, vas de- 
ferens, the end of which opens into a long invagination of 
the integument — the penis. In Feronia, the vas deferens 
and the oviduct open together by the genital aperture, and, 
as in some Branchiogasteropods, a groove, along which the 
seminal fluid is conducted, leads to the outer opening of the 
eversible penis (Fig. 123, 1. II.). 

In connexion with the female genital aperture, there 
is always a spermatlieca, or sac (which is sessile in the 
Slugs, but in the Snails is placed at the extremity of a long 
duct) for the reception of the semen of the other individual 
when copulation takes place. 

The Helicidiv alone possess, in addition, the so-called sac 
of the dart, a short muscular bag, in which pointed chiti- 
nous or calcified bodies — the spicula amoris — are foniied; 
and certain glandular caeca, generally arranged in two 
digitate bundles, termed mucous glands, which give rise to a 
milky secretion. Sometimes, prostatic glands are developed 
on the vas deferens, which may be dilated in part of its 
course into a vesicula seminalis. 

The ova are impregnated high up in the oviduct, and are 
invested by a relatively very large mass of albumen and 
enclosed within a thick, sometimes calcified chorion. The 
mass enclosed by the latter may be a tenth of an inch or 
more in diameter, while the proper ovum may have not more 
than a twelfth of that size. 
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There is no trustworthy evidence of the existence of the 
opisthobranchiate Gasteropods before the epoch of the Trias, 
but it is to be remembered that the great majority of thefte 
animals have no shells. Of the rest of the preceding groups 
of Odontophora, representatives are known as far back as 
the middle of the Pala3ozoic epoch, while Pteropoda, Pieter o- 


Fig. 123. 




Fig. 12 i. — T. Peronia vermnilida. — tf, anus; pi pulmonary aperture; 
genital aperture ; /«, seminal groove; opening for the penis. 

II. Generative organs of the same animal, the ovotestis being omitted. 
gnlj gland which furnishes a glairy secretion; o^/, oviduct; vd, vas 
deferens; intestine; a, anus; rs, receptoculum seminis , aper- 
ture of the penis ; pi penis ; cs, seminal duct ; a/?, glandular appen- 
dage; m, retractor muscle of the penis. (After Keferstein.) 

III. Blind end of a follicle of the ovotestis of Helix pomatia. At the 
apex the spermatozoa are seen in different stages of development, 
the fully formed spermatozoa floating in bundles in the cavity of the 
follicle. Lower down, ova are developing in the walls of the follicle. 
(After Keferstein and Ehlers.) 

poda, and Prosohranchiata occur in the Silurian formations. 
Among the Prosohranchiata, the Patellidce and the Aspido- 
hranchia are the characteristic forms of the older formations, 
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the Ctenohranchia appearing later, and acquiring their 
present relative abundance only in the later secondary, and 
the tertiary epochs. 

The Cephalopoda. — The bilateral symmetry which is 
so obvious in the Polyplacophora and the Scaphopoda is but 

Fig. 124. 



Fig. 124. —A, Sepia officinalis. B, Lateral view of the horny ring of 
an acetabulum. 

little disturbed in this group of the Odontopliora. The 
mouth and the anus are situated in the median plane, which 
divides the body into corresponding halves; while the 
branchise, two or four in number, are disposed symmetrically 
on each side of this plane, as are the brachial prolongations 
of the margins of the foot. The heemal face of the body, 
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however, is not flat, as in the mollusks which have just been 
mentioned, but is elongated perpendicularly to the neura 
face, so as to form a sort of sac, invested by the mantle. t)n 
the posterior, or anal, face of the sac, the mantle enclose 
a large pallial cavity, in which the branchiae are pro- 
tected. On the anterior aspect of the sac, on the contrary 
the mantle may have no free edge, or, at most, forms a 
comparatively small flap,* 

The integument is provided with chromaiophores, which, 
are sacs with elastic walls, full of pigment, and provided 
with radiating muscles, by which they may be drawn out 
to a size many times greater than that which they possess i 
in their contracted state. In their dilated condition, thei 
colour proper to the contained pigment becomes plainly! 
visible, while in their contracted state they appear as mere; 
dark specks. It is to the successive expansion and con- 
traction of these chromatophores that the Cephalopoda 
owe the peculiar play of “ shot ” colours, which pass like 
blushes over their surface in the living state. These 
blushes of colour are especially well displayed by young 
Cephalopods just freed from the egg. 

But that which particularly distinguishes the Cephalo- 
pods, is the form and disposition of the foot. The margins 
of this organ are, in fact, produced into eight or more, 
processes termed arms, or hrachia; and its antero-lateral 
portions have grown over and united in front of the ' 
mouth, which thus comes, apparently, to be placed in the ^ 
centre of the pedal disk. Moreover, two muscular lobes 
which correspond with the epipodia of the Pteropods and 
Branchiogasteropods, developed from the sides of the foot, 
unite posteriorly, and, folding over, give rise to a more or 
less completely tubular organ — the funnel, or infundibuln tn . 
The open end of the funnel projects between the posterior 
face of the body and the pallial wall of the branchial 
cavity, and serves to conduct the water, when it is driven 

* Cephalopods are usually de- her is placed ventral— a method 
scribed as if the oral end of the which seiiously interferes with 
body were the upper end, and the the comprehension of their rela- 
face on which the pallial cham- tions with other Mollusks. 
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out of the latter by the contraction of the mantle in 

Fig. 125. 



Fig. 12 j.— D iagrammatic section of a female S(pia.-~a, Buccal mass 
surrounded by the lips, and shewing the horny ja\^s and tongue ; f>, 
oesophagus; c, salivary gland; </, stomach; e, pyloric ciecum ; ff, 
the intestine ; h, the anus ; i, the ink-bag ; k, the place of the systemic 
heart ; /, the liver; n, the hepatic duct oi the left side ; o, the ovary ; 
p, the oviduct ; <7, one of the apertures by which the water-chambers 
are placed in communication with the exterior ; r, one of the bran; 
chiae ; 5, the principal ganglia aggregated round the oesophagus; /? 
the funnel; m, the mantle; sh, the internal shell, or cuttle-bone, b 
2, 8, 4, 5, the produced and modified margins of the foot, constitut- 
ing the so-called arms of the Sepia. 

ordinary expiration ; and when the animal swims, the stream 
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forcibly driven out in this way causes it to dart swiftly 
backwards. 

The aperture of the mouth (Fig. 125, a) is provided witU a 
hard chitinous beak, like that of a parrot, the tw^o divisions 
of which are anterior and posterior. Of these, the anterior 
is always the shorter, and is overlapped by the other. 

Within the cavity of the mouth is an odontophore, with 
its radula (Fig. 126, II.) ; and the long gullet passes back 
on the middle line to open into the stomach, which is 
situated towards the middle, or the end, of the mantle-sac. 
From the stomach, the intestine, more or less bent upon 
itself, passes towards the neural aspect of the body, and 
ends in the median anus. Hence the alimentary canal 
has a well-marked neural flexure (Fig. 125). 

Except in Nautilus, one or two pairs of salivary glands 
are present (Fig. 126, I. s'). The liver (Fig. 126, I. h) is 
always large; and there are two hepatic ducts (Fig. 126, 
I. dh), beset for a gi'eater or less extent with glandular 
follicles, generally considered to be pancreatic in function. 
Very often a large, sometimes spirally wound, ca3cum is 
developed from the commencement of the intestine; into 
this the hepatic ducts open. 

The heart (Fig. 127, c) is placed upon the posterior face of 
the body on the ha3mal side of the intestine, and receives 
the blood by branchio-cardiac vessels, which correspond in 
number with the gills ; and, as they are contractile, might 
be regarded as auricles. The gills themselves have no cilia, 
and are, in some cases, if not always, contractile. The 
arteries end in an extensively developed capillary system, 
but the venous channels retain to a gi-eater or less 
extent the character of sinuses.* The venous blood, on 
its way back to the heart, is gathered into a large 
longitudinal sinus — the vena cava — which lies on the 
posterior face of the body, close to the anterior wall of 
the branchial chamber, and divides into as many afferent 

* Milne-Edwards, * Recherches et experiences sur la Circulation 
Anatomiques et Zoologiques. chez les Mollusques,' 1845. 
Premiere parde.* ‘ Observations 
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branchial vessels as there are gills. Each o£ these vessels 
traverses a chamber which communicates directly with the 
mantle-cavity, and the wall of the vessel which comes into 
contact with the water in this chamber is sacculated and 
glandular * (Fig. 127, re). Each chamber, in fact, represents 
a renal organ. The pericardium, and the sacs in which the 
testes and ovaria are lodged, may communicate with the 
pallial cavity either directly or through these chambers. 
Thus in Sepia officinalisy Krohnf observed that the renal 
chambers communicate not only with the cavities in which 
the branchial hearts are lodged, but with a chamber which 
contains the stomach and the spiral pyloric appendages; 
and that all these cavities are distended when air is blown 
into one renal chamber. In Eledone, on the contrary, he 
found, and I have repeated the observation, that one renal 
chamber can be fully distended without the air passing 
into the other. 

In Nautilus pompiliuSy there are, as Valenciennes dis- 
covered, three pairs of openings, which lead from the 
bi'anchial sac into chambers contained in the interior of 
the body. Of these chambers there ai'e five; the anterior 
and posterior pairs are situated on each side of the rectum, 
and each has its own opening ; the fifth, a very much larger 

* On account of the trans- The portion of the hranchinl vein 
parency of the tissues in the which lies between the base of 
living Loligo media, this species the gill ami the systemic ventricle 

affords an easy opportunity of is very short, and it is hard to 

observing the rhythmical con- say whether it contracts inde- 
tractions of the branchiaf? and pendently or not. Mechanical 

their afferent and efferent vessels. irritation causes contraction both 

For this purpose the mantle of the afferent branchial veins 

should be laid open, and the nidi- and of the branchial hearts, 

mental glands carefully removed. In the living Eledone cirrhosus, 
The sacculated afferent veins and I have observed regular rhythmi- 

the branchial hearts contract cal contractions of the vena cava 

about sixty times a minute. itself as well as of its divisions, 

The pulsations of these veins the sacculated afferent branchial 

and of the branchial hearts are reins, of the branchial hearts and 

not synchronous. The branchial of the branchiocardiac vessels 

veins and the lamellae of the f “Ueber die wasserfiihrende 
branchiae also contract rhythmi- System einiger Cephalopoden.” 
cally,but I could observe no con- (* Archiv fiir Anatomic,’ 1839.) 
traction in the branchial arteries. 
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chamber, has two openings, one on each side. It is co- 
extensive with that part of the mantle which lies behind 


Fig. 126. 



Fig. Sepia officinalis —1. The alimentary canal with the ink bag ; 

buccal mass : gh^ inferior buccal ganglion ; posterior salivary 
glands; a, oesophagus; /i, liver; hepatic duct ; v, stomach; v\ 
pyloric caecum ; i, intestine; a, anus; 6e, ink bag; gsp, splanchnic 
ganglion on the stomach. (After Keferstein.) 

II. Longitudinal and vertical section through the buccal mass ; mr/, 
posterior beak ; mxsj anterior beak ; mbc^ buccal membrane ; w/, lip ; a:, 
gustatory (?) organ; rd, radula; sac of the radula; salivary 
gland ; gl^ superior buccal ganglia. (After Keferstein.) 

III. A single transverse row of teeth from the radula (after Trosehel). 


the insertion of the shell muscles and the homy hand which 
connects them. It is separated from the paired chambers 
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by tlieir inner walls, and these walls are traversed by the 
afferent branchial veins. Appendages of these veins pro- 
ject on the one hand into the paired chambers, and on the 
other into the single chamber. The latter appendages are 
elongated papillae, while the former are lamellar. Earthy 
concretions, composed mainly of phosphate of lime, but 
which yield no trace of uric acid, are usually found in the 
paired sacs.* 

Fig. 127. 



Fig. VZl.~S(’p'm officinalis'. — c, systemic heart; ao, anterior aorta, 
ao', posterior aorta; 1, vena cava; 2, atferent branchial vessels ; re, 
renal organs ; z, appendages of these vessels ; 3, 4, large posterior 
veins bringing blood to the afferent branchial vessels ; 6, 7, efferent 
branchial vessels, branchial veins, and branchio-cardiac or auricular 
trunks. (After Hunter.) 


The nervous system in the Cephalopoda, as in other 
Mollusca, consists of cerebral, pedal, and parieto- splanchnic 
ganglia, aggregated around the gullet, and connected by 


* Owen, ‘Memoir on the 

Poorly Nautilus.’ Van der 
Hoeven, “ Beitrag zur Ana- 
tomic vom Nautilus pompilius** 
(‘Archiv fiir Naturgeschichte,* 
18.o7). Huxley, “ On some 


points in the anatomy of 
Nautilus pompilius*^ (Proceed- 
ings of the Linnean Society, 
1858). See also Keferstein, 
Bronn’s ‘Klassen u. Ordnungen,’ 
Bd. iii. (1062-66), pp. 1390, 1319. 



THE CEPHALOPODA. 


525 


commissural cords. In addition to these, buccal, visceral, 
branchial, and pallial ganglia may be developed on the 
nerves which supply the buccal mass, the alimentary caiial, 
heart, branchiae, and mantle. 

In the Dihranchiata (Fig. 128), the three principal pairs 
of ganglia are usually large, and so closely aggi'egated 
together that the commissures are not readily distinguish- 
able. The optic nerves are very large ; one or two neiwes 
are given off to the superior or anterior buccal ganglia, 
which have coalesced into one mass, and are united by com- 
missures, which encircle the oesophagus, with the coalesced 
inferior or posterior buccal ganglia. The pedal ganglia 
lie on the posterior side of the gullet, and supply the large 
neiwes to the arms, and those to the funnel, while the auditoiy 
nerves are immediately connected with them. Each parieto- 
splanchnic ganglion gives off a nerve which inins along the 
shell-muscles to the anterior wall of the mantle, and there 
enters a large ganglion, the ganglion stellatum. A large 
median branch, or branches, from the paiieto-splanchnic 
ganglia, accompanies the vena cava, and is distributed to 
the branchia3 and sexual organs. The infeidor bu(‘cal gan- 
glion sends a recurrent nerve along the oesophagus, which 
ends in a ganglion on the stomach.* 

The neiwous system of Nautilus differs in some impoi’tant 
particulars from that of the Dihranchiata. The cerebi*al 
ganglia are represented by a thick transverse cord, which j 
lies in front of the oesophagus, and from the outer angles of 
which the optic and olfactory nerves are given off, while j 
nerves to the buccal mass proceed from its anterior edge.l 
The pedal ganglia lie close to the cerebral ganglia, andl 
ai’e united by a slender commissure, which passes behind thel 
gullet. They supply all the brachial processes and the 
funnel with nerves, and the short auditory nerves are con-J 
nected with them. The parieto-splanchnic ganglia, are, like 
the cerebral ganglia, elongated, and together constitute 
thick cord, which, united at each end with the cerebral gan- « 

* See H ancock, “ Anatomy of the nervous system of Ommastre^ 
phes.*^ (‘Ann. JNat. History,’ 1852.) 
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glia, forms a hoop round the gullet, distinct from the pedal 
nerve-arch, and separated from it by a process of the cartila- 
gifious skeleton. The largest nerves given oif from these 
ganglia are those which go to the branchiae. 

Eyes, olfactory organs, and auditory sacs are always 
present. The eyes of the Cephalopoda may be lodged in orbital 
cavities at the sides of the head, as in all the Dibranchiata ; 
or may be pedunculated, as in Nautilus. In the foimer 
case, the eye is enclosed partly by the cephalic cartilage, to 

Fig. 128. 



Fig. 128.— Sgo/a njffictnahs.— The nervous mass which surrounds the 
gullet ; N, the cerebral; N', the pedal ; N", the parieto-splanchnic, 
ganglion ; ao, the aorta ; oe, the oesophagus ; o', buccal nerves ; F', 
nerves to the anus; M, pallial nerves; y, superior; y', inferior 
buccal ganglion. (After Garner.)* 

which sometimes special orbital cartilages are added, and 
partly by a fibrous capsule continuous with these. The 
fibrous capsule becomes transparent over the eye, and gives 
rise to what is variously interpreted as the representative 
of the cornea, or as that of the eyelids of vertebrated 
animals. This transparent coat is sometimes entire, or 
presents only a small perforation {Octopus, Sepia, Loligo, 
and the other Myopsidoe of D’Orbigny ) ; sometimes it has a 

* Trans. Linnean Society, 1836. 
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wide opening, through which the crystalline lens may pro- 
ject (Loligophea, Ommastrepeii and the other Oigopsidce of 
D'Orbigny) ; and sometimes it is altogether absent, twid 
the capsule of the eye becomes an open cup {Nautilus). 

In the Dihranchiata* a great part of the chamber of the 
capsule of the eye is occupied by the ganglion, into which 
the optic nerve enlarges after entering it ; by muscles ; and 
by a peculiar white glandular substance. Lining the capsule, 
but not adhering to its inner surface, in front, is the silvery 
tapetum, formed of two layers. These pass into one another 
at the edges of the free prolongation of the tapetum, which 
forms the iris. Longitudinal muscular fibres are interposed 
between the two layei*s of the tapetum. Under the tapetum 
is a layer of cartilage, which forms the inner capsule of the 
eye, extends as far as the iris externally, and is perforated 
by the fibres of the optic neiwe on its inner side. The 
free edge of the inner capsule gives attachment to a thick 
rim of connective tissue, containing muscular fibres. This 
so-called ciliary body enters the deep groove which sur- 
rounds the lens ; the latter is, in fact, made up of layers of 
structureless membrane, which are cuticular productions 
of the ciliary body. In shape, the lens is elongated in the 
direction of the axis of the eye, so as to be almost a cylinder 
with convex ends, and thus, with its deep equatorial groove, 
into which the ciliary body fits, it has a wonderful resem- 
blance to a Coddington lens. The vitreous humour is a 
transparent fluid. The retina lines the inner capsule, and 
may be divided into an outer and an inner stratum, separated 
by a pigment layer. The inner stratum is formed of pris- 
matic or cylindrical rods, the outer ends of which abut 
upon the pigment, while their inner ends, turned towards 
the cavity of the eye, are covered by a thick hyaloid mem- 
brane. The outer stratum contains the plexus of the fibres 
of the optic nerves, and numerous cells (ganglionic), sup- 
ported by connective tissue. The terminations of the nerves 
therefore must traverse the pigment layer to reach the rods. 

* See Hensen, **Ueber das Auge einiger Cephalopoden.’\ (‘Zeit- 
schrift fur Wissenschaftliche 2iOologie,* 1865.) 
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It will be obeeiwed that the apparent resemblances be- 
tween tbe cephalopodous and the vertebrate ey« are merely 
si^perficial, and disappear on detailed comparison. 

In Nautilus, the eye has neither cornea, lens, nor vitreous 
hnmonr, but is a mere cup, lined by the retina. The aper- 
ture for the admission of light is exceedingly small. 

The olfactory organs, the true nature of which was 
discovered by Kblliker,* are sometimes pits, sometimes 
papilla) of the integument, situated behind or above the 
eyes. In the Teuthidee and Sepiadoe they are depressions 
above the eyes ; in the Octopoda, they are either depressions 
or papilla) {Argonauta and Tremoctopus) in the same position, 
but nearer the anterior face of the body. In Nautilus, 
they are elongated, tentaculiform, and situated immediately 
behind the eyes. 

In the Dibranchiatay the auditory sacs are lodged in 
cavities of the cephalic cartilage, and contain a single large 
otolith, composed of carbonate of lime, and of rounded or 
irregular, but definite and characteristic form. In Nautilus, 
Dr. Macdonald discovered that the auditoiy sacs are attached 
to the pedal ganglia, and are not lodged in the cranial car- 
tilage. They contain numerous otoliths. 

An endoskeleton formed of true cartilage is developed in 
the region of the principal ganglia, and sometimes furnishes 
them with a complete investment. It gives attachment to 
the most important muscles. In some Cephalopods addi- 
tional cartilages appear in the mantle and in the funnel. 
The muscular fibres of the Cephalopoda are unstriated. 

The sexes are distinct, and the reproductive organs are 
unlike those of other Mollusks. They consist, in both sexes, 
(Fig. 129) of lamellar or branched organs, the cellular con- 
tents of which are metamorphosed into ova or spermatozoa, 
and which are attached to one point or line of the wall of 
a chamber, which communicates with the pallial cavity by 
two symmetrically disposed oviducts, in the females of some 
species ; but, in most female and tilmost all male, Oephalo- 

* ‘ Entwickelungggeschichte d«r Cephalopoden,’ 1841, p. 107. 
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pods * it lias only one duct, the termination of which is 
usually situated on the left side, hut may be near the middle 
line (male Nautilus), or even on the right side (female Nau- 
tilus). In the female, the oviduct, or oviducts, present 
glandular enlargements. In addition, two lamellar nida- 
mental glands ai-e developed upon the walls of the branchial 
cavity, and to these accessory glands may be added. These 


Fig. 129. 



Fig. 129. — Sepia officinalis.— male organs, testis ; rci!, vas deferens ; 
vs, vesicula semlnalis ; pr, prostate; bsp, receptacle of the spermato- 
phores ; p, penis with the genital aperture (After Duvernoy.) 

II. Female genital organs.— a, anus; i, intestine; or, ovary; o<l\ 
oviducal aperture; od, oviducal gland; gn, nidamental gland; gii\ 
accessory glands. (After Milne-Fdwards.) 

glands secrete a viscid fluid, which invests the ova, and 
connects them, when laid, into variously shaped aggrega- 
tions. In the male, a prostatic gland furnishes the material 
of the cases, or spermatophores, in which packets of sperma- 

* ICeferstein found two ducts in a male JEhdone moschata. 
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tozoa are contained, and whicli sometimes possess a very 
eomplicated structure. 

cln* the Dihranchiata, the spermatophores are slender 
cylindrical bodies which may reach half an inch in length. 
They have an external structureless case, thinner at one 
end than the other, and often ending in a fine filament at, 
the thin end. Within this case, filling its thicker end, 
and as much as half or two-thirds of the rest of its cavity, 
is a delicate sac full of spermatozoa. 

The rest of the case is occupied by a very singular elastic 
body, in form somewhat resembling the sponge of a gun 
with a spiral screw turned on the handle. The enlarged 
‘ sponge ’ end of this body is fastened by a delicate pro- 
longation to the spermatic sac, while the ‘ handle,’ being 
too long to lie straight, is coiled up at the end opposite 
to the sponge and then fastened to the outer case. When 
these bodies come into contact with water they undergo 
strange contortions, and finally, the thin end of the case 
giving way, the spring frees itself, starts out of the case 
and drags with it the spermatic sac.* 

In Nautilus, according to Yan der Hoeven, the spermato- 
phores have a much simpler structure. 

The male Oephalopods are distinguished from the females 
by the asymmetry of their arms, one or more of which, on 
one side, are peculiarly modified, or hectocotyliscd. 

Some Oephalopods are devoid of any shell, but most 
possess a pallial shell, which is either external or internal. 
In the former case, the visceral sac is lodged within that part 
of the cavity of the shell which lies nearest its open end, and 
the rest of the cavity is divided into chambers, which 
contain air, by transverse septa. The septa are perforated, 
and a prolongation of the mantle — the siphuude — is con- 
tinued through the series of perforations, as far as the 
apical chamber of the shell. The internal shells of the 

* For the minute structure of Spermatophores des Mollusques 
these curious spermatic cart- Cephalopodes ” (‘ Annales des 

ridges, see Mi Ine-Edwards’ elabo- Sciences Naturelles,’ 1840). 
rate essay, “ Observations sur les 
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Cephalopods may have very various forms, and may even 
be chambered and siphunculated ; but, in this case, the 
chamber nearest the mouth of the shell is small, aifd 
incapable of lodging the viscera. 

Our knowledge of the development of the Cephalopods 
is confined to that of the Dihranchiata.* In these, the 
yelk undergoes partial division, and the blastoderm, formed 
upon one face of it by the smaller blastomeres, spreads 
gi-adually over the whole ovum, enclosing the larger 
and more slowly dividing blastomeres. The mantle makes 
its appearance as an elevated patch in the centre of 
the blastoderm, while the future arms appear as sym- 
metrically disposed elevations of the periphery, on each 
side of the mantle. Between these and the edge of the 
mantle, two longitudinal ridges mark the rudiments of the 
epipodia, while the mouth appears in the middle line 
in front of the mantle, and the anus, with the rudiments 
of the gills, behind it. The rest of the blastoderm forms 
the walls of a vitelline sac, enclosing the larger blasto- 
meres. 

The pallial surface now gradually becomes more and more 
convex, the posterior margin of the mantle growing into a 
free fold, which encloses the pallial chamber and covers ovei 
the gills. 

The internal shell is developed in a sac formed by ar 
involution of the ectoderm of the mantle. The epipodia 
unite behind, and give rise to the funnel, while the antero- 
lateral portions of the foot grow over the mouth, and thus 
gradually force the latter to take up a position in the 
centre of the neural face, instead of in front of it. The 
yelk-sac gradually diminishes, and the contained blastomeres 
are finally taken into the interior of the visceral sac, into 
which the alimentary canal is gradually drawn. 


• KoUiker, ‘ Entwickelungs- 
geschichte der Cephalopoden,’ 
1841. Grenacher, “Zur Ent- 
wickelungsgeschichte der Ce- 
phalopoden,” Zeitschrift fiir 


Wiss. Zoologie,’ 1876). Lankester 
“ Observations on the develop- 
ment of the Cephalopoda.” 
(‘ Quarterly Journal of Micr. 
Science,’ 1875.) 


2 M 2 
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The Cephalopoda are divided into two very distinct 
groups, the Tetrahranchiata and the Dihranchiata. 

•The Tetrahranchiata possess an external chambered si- 
phunculated shell. The terminal chamber is much larger 
than any of the rest, and the body of the animal can be 
almost completely retracted into it. When, as in the only 'i 
existing genus. Nautilus * (Fig. 130), the shell is coiled into 
a flat symmetrical spiral, its apex lies on the anterior face 
of the body, and the outermost chamber, ii^to which the 
whole body can be retracted, is conaequemly posterior to 
the axis of the helix. In Nautilus, the brachial processes 
are short, and possess no acetabula such as exist in the 
Dihranchiata, but the margins of the foot are produced 
externally into a sort of sheath, which, in front, has the 
form of a broad hood with a tuberculated surface ; while, 
at the sides, it is divided into many processes of unequal 
lengths. Behind, the halves of the sheath are separated 
thi'oughout the greater part of their length by a wide 
interval, but are united above by a thick muscular isthmus. 
The central poi’tion of the sheath is a broad triangular 
hood-like plate, the apex of which is free. It contains two 
long narrow cavities, each of which lodges a tentacle. 
The tentacle consists of a slender stem, on which are set 
a gi’eat number of transverse plates, in such a manner 
that the axis of the stem passes through the centre of 
the plates. The anterior and lateral regions of the hood 
are completed by two narrower processes, each of which 
contains a similar tentacle, and the lateral portions of 
the sheath ai’e formed by sixteen or seventeen smaller 
tentaculiferous processes, the surfaces of which are more or 
les6 distinctly annulated. When the sheath is opened out, 
there is seen to be attached to its inner surface, on each 
side, close to the re-entering angle between it and the lip 
which surrounds the beak, and along the line of junction 
of the lateral pari of the sheath with the isthmus, a 

* Owen, ‘Memoir on the Naturelles/ 1856. Keferstein, in 
Pearly Nautilus,’ 1832. Vender Bronn's * Klassen u. Ordnungen- 
Hoeven, ‘Annales des Sciences 



THE TETRABRANCHIATA. 


533 


thin free quadrate lobe which caiTies twelve tentacles. 
The isthmus joins the posterior edges of these outer ten* 
taculiferous lobes, as well as those of the two halves of the 
sheath, and it exhibits on its anterior, or inner surface, 
a broad area beset with delicate close-set curved laminsD. 
Two other similar, but much thicker, inner tentaculi’* 
ferous lobes, which also caiTy twelve tentacles, lie between 
these and the lip. They are quite free from the outer 


Fig. 130. 



Fig. 130 . — Nautilus pompilius, female. C, hood ; ma;, jaws ; J, funnel ; 
p, p\ mantle; hr, branchioe ; gn, nidamental gland; r\ r, position of 
the renal appendages ; ann, horny ring; u, shell muscle; ov, ovary ; 
gnl, oviducal gland ; siphuncle ; ch, black part of the shell under 
the mantle p’, kn, process of the cartilaginous skeleton into the 
fumiel. (Alter Keferstein.) 

tentaculiferous lobes, and unite with the sheath only above 
and behind. Like the halves of the sheath, these two 
lobes are united behind by a thick isthmus, the surface of 
which presents a number of parallel longitudinal laminae. 
The beak, which is hidden by the sheath and the lobes, is 
surrounded by the thin circular lip already mentioned, the 
free margin of which is papillose. Besides these, there is a 
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short conical tentaculiferous process above the pedunculate 
eye, and another below it. In the male, the internal tenta- 
culiferous lobes are wanting, and the outer tentaculiferouH 
lobes are divided into two portions, an anterior which beai’^ 
eight, and a posterior with four, tentacula. On the left side, 
the four tentacles of the posterior division have undergone 
much modification, and are converted into a peculiar organ 
termed the spadix, which bears a discoidal follicular gland 
upon its outer surface. There is thus a kind of hectocoty- 
lisation in the Tetrahranchiata. 

The margins of the united epipodia are not united 
into a tubular funnel. They constitute a muscular mem- 
brane, naiTow on the anterior face of the body, but becoming 
wide, and folded in such a manner that its posterior edges 
overlap, behind. 

The mantle has a broad anterior fold, which covers the 
anterior convexity of the shell, and the region which it 
thus invests is black. The pallial chamber does not extend 
for more than three-fifths of the length of the body, and 
is therefore much less deep than in the Dihranchiata. The 
anus opens in the middle line on the posterior wall of the 
pallial cavity, close to its junction with the anterior wall. 
The four branchiae are attached, two on each side of the 
anus, to the posterior wall of the branchial chamber, and 
the inner branchia is shorter than the outer. The nida- 
mental glands, composed of numerous vertical lamella3, 
partly covered by a fold of the lining membrane of the 
pallial cavity, are situated on the posterior wall of that 
cavity, almost midway between its union with the anterior 
wall and its free edge. The paired renal chambers lie 
immediately above them also, in the posterior wall of the 
pallial cavity. 

The buccal mass is very large, its length amounting to 
one-third that of the body. The apices of the great homy 
beaks are obtuse, and are coated with a calcareous de- 
posit. The CBSophagus dilates into a wide crop and is 
separated by a constriction from the stomach, the chitinous 
lining of which is thick and ridged. The pyloric csecum 
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Is small and rounded, and tlie intestine makes two bends 
upon itseK before reaching the anus. Salivary glands 
iippear to be wanting, unless certain glandular bodies plac^ 
within the buccal mass should be of this nature. 

The liver is a loosely racemose gland, divided into four 
lobes, and is lodged in the anterior part of the perivisceral 
cavity. There is no ink-bag; and there are no branchial 
hearts. The quadrate systemic heart is situated on the 
left side of the posterior face of the body, close to the junc- 
tion of the posterior with the anterior wall of the pallial 
cavity. It receives four branchio-cardiac veins ; and, attached 
to it, is a pyriform sac, which, according to Keferstein, 
opens into the pallial cavity. 

The cartilaginous skeleton supports the pedal and parieto- 
splanchnic ganglia, but does not encircle the gullet, or roof 
over the cerebral ganglia. Two long pro(?esse8 of the 
skeleton pass into the funnel and give attachment to its 
muscles. Two large shell muscles are attached to it ; and, 
passing upwards and outwards, are inserted into oval chiti- 
nous patches visible on the outer surface of the mantle, 
and connected together by a thin ring of the same substance 
(the annulus) which encircles the mantle. 

The oviduct does not arise directly from the sac in which 
the ovary is lodged, but from a distinct chamber, into which 
the ovarian sac opens. A large albumen gland pours its 
secretion into the ovarian sac. The vas deferens similarly 
takes its origin, not from the sac of the testis, but from 
a smaller chamber communicating therewith. The com- 
mencement of the vas deferens is enlarged and glandular. 
Nothing is known of the development of the Tetrabran- 
chiata. 

The only existing representatives of the Tetrahranchiata 
are the different varieties of “ pearly nautilus ” {Nautilus 
pompilius), which are found in the Southern seas, living 
at the bottom at a considerable depth. The genus is 
one of the oldest in existence, since it is traceable through 
the whole series of fossiliferous rocks as far back as the 
Silurian epoch. 
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Along with it, in the PalsBOzoic formations, occur 
numerous closely allied forms, which differ from Nautilus 
m&inly in the different curvature {lAtuites, Gyroceras, Tro~ 
choceras) or straightness {Orthoceras, Gomphoceras) of the 
shell, and in the varying position, proportions, and degree 
of calcification of the siphuncle. 

In the middle of the Palaeozoic strata (Devonian), Tetra- 
hranchs {AmmonitidoB) appear, in which the margins of the 
septa are strongly bent, whence their edges appear as zigzag 
transverse lines, folded into lobes and saddles, when the 
outer layer of the shell is worn away {Goniatites, Cera- 
tites) ; and, in the Mesozoic epoch, the lobes and saddles 
become extremely complicated, while the shells may be 
sti-aight, simply curved, or bent, or turbinated {Ammonites, 
Baculites, Turrilites). The Ammonitidce are extraordinarily 
numerous in the Mesozoic epoch, but no trace of them has 
been found in tertiary or quaternary formations. 

Associated with Ammonites, and not unfrequently lodged 
in the terminal chamber of the shell, are the so-called 
AptycM. These are plates of a shelly substance, three- 
sided, with rounded off angles, and applied together by 
their straightest edges so as to resemble bivalve shells. 
They consist of two layers, an inner and an outer, of which 
the inner presents lines of gi’owth, concentric with the 
angle of each plate which is situated on that side of its 
broad end which is applied to its fellow. The outer layer 
is composed of many lamina?, and is ti’aversed by pores. 
Its free surface frequently presents longitudinal ridges. 
The heart-shaped plates, undivided by a sutm'e, which are 
found in some Goniatites and Ammonites, ai’e termed 
Anaptijchi. 

The Aptychi, when undisturbed, occupy the middle of the 
posterior wall of the terminal chamber of the Ammonite, 
and have their bases towards its mouth. Nothing is cer- 
tainly known as to the nature of the Aptychi or Anaptychi* 

* See the discussion of this question by Keferstein, in Bronn’s 
‘ Thierreich.’ 
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In the Dihranchiata, the margins of the foot are produced 
into not fewer than eight, nor more than ten, arms, which 
are provided with acetahula or suckers. Each acetabulum 
is a sessile or stalked cup, from the bottom of which rises a 
plug, which nearly fills the cup, but can be retracted by the 
action of muscular fibres attached to it. When the margins 
of the acetabulum are applied to any surface, and the plug 
is retracted, a partial vacuum is created, and the acetabulum 
is caused to adhere to the surface by atmospheric pressure. 
The edges of the acetabula are frequently strengthened by 
chitinous rings, and these may be serrated (Fig. 124, Bj, 
and are sometimes produced into long curved hooks. 

The margins of the united epipodia are not only folded 
inwards, but coalesce so as to give rise to a tubular funnel, 
through which the water taken into the branchial sac for 
respiratory purposes is ejected. Very often, a valve which 
prevents the flow of water back into the mantle cavity is 
developed within the funnel. There are two branchiae, and 
the anus terminates between them in the anterior wall 
of the branchial sac, on which also the nidamental glands 
are situated. The apices of the horny beaks are acutely 
pointed, and not ensheathed in calcareous matter. The 
liver is usually a compact mass. A peculiar gland, which 
secretes an extremely dark fiuid — the so-called ink, — and 
has the form of an oval or pyriform sac (the ink-harf), 
with a long duct which opens into, or close to, the rectum, 
is lodged sometimes in the liver, sometimes further back 
(Fig. 126, 1). The ink is ejected when the animal is alarmed, 
and gives rise to a dark cloud in the water, by which its 
retreat is covered. There are two branchial hearts. 

The eye is lodged in an orbit and is provided with a lens. 
The cartilaginous endoskeleton forms a ring surrounding 
the gullet and enveloping the principal ganglia. There is 
usually an internal pallial shell. It may be chambered 
and siphunculated, but in this case, the last chamber is 
small and hardly larger than the others. 

The Dihranchiata are divided into the Octopoda and the 
Decapoda. The Octopoda have eight arms, and possess no 1 
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pallial shell. But, in the female of one genus {Argonauta, 
the “paper Nautilus,” Fig. 131), the extremities of the 
antferior pair of arms are greatly expanded, and, being turned 
back over the mantle, secrete an elegant shelly structure 
which covers the body, and serves for the attachment of 


Fig. 1.^1. 



Fig. 131 . — Argonauta argo, — A, female with the expanded arms in 
their natural position, embracing the shell h ; d, the other six arms ; 
a, the funnel. B, acetabula. 


Fig. 132. 



Fig. 132 . — Argonauta argo, male, with the Hectocotglus~Bxm. attached. 

the eggs. In this genus, and in some other Octopods 
{Octopxis Carina, Tremoctopns violaceus and T. Quoyanus), 
the male is very much smaller than the female, and gives 
rise to a Hectocotylus. 
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In Argonauta argo (Figs. 132, 133) it is the third arm 
on the left side which becomes thus modified. At fii’st, 
it has the form of a sac, within which the slender ter- 
minal pai-t of the arm is coiled up (Fig. 133, B). The sac 
splits to give exit to the latter (Fig. 132), and its two halves 
reunite on the outer face of the base of the arm to form a 
chamber, which becomes filled with spermatophores in a 
manner not yet understood. During sexual union, the ai*m 


Fig. 133. 



Fig. 13.3. Argonauta ar(/o.— -B, male, with the hectocotylised arm 

enclosed in its sac ; 1,2, 3, 4, the other arms of the right side ; and 
1', 2', 4', those of the left side. A, the hectocotylua detached. 

thus charged with semen is detached and left in the mantle 
cavity of the female (Fig. 133, A). When first discovered, 
it was regarded as a pamsite and termed Trichocephalua 
acetahularis by Delle Chiaje, while the corresponding body 
found in an Octopus was called Ilectocotylus octopodis by 
Cuvier. 

In TremoctopuSt it is the third arm on the right side 
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which becomes the Hectocotylus. In other Octopods ♦ one 
or other arm is peculiarly modified, but does not become 
detached, or serve as a receptacle for the spermato- 
phores. 

The Decapoda have ten arms, two of which are usually 
much longer than the rest, and can be protruded from, or 
retracted into, sockets. The acetabula have homy rims, 
which may take on the form of hooks. 

Hectocotylisation does not go further than a modification 
of the foi-m of one of the arms. There is always an internal 
shell, which is either a pen, a sepiostaire, a phragmocone, 
or a combination of the latter with a pen. 

The Teuthidce, or Squids, are characterised by possessing 
a pen. This is a lamellar chitinous body, strengthened by 
one or more longitudinal ridges, which lies in a sac lodged 
in the anterior wall of the body, by the lining membrane of 
which it is secreted. The posterior end of the pen is com- 
monly broad, and its sides may be infolded so as to form a 
conical cup {Ommastrephes), 

In the Sepiadce, or Cuttle-fishes, the sepiostaire, or ‘‘ cuttle 
bone,” which occupies the same position (Fig. 125, sh), is 
composed of a broad plate answering to the pen, and like- 
wise infolded at its apex so as to give rise to a short cone, 
but calcified. On the inner face of this plate, a great 
number of delicate calcified laminae, connected by numerous 
short columns, form a spongy tissue, which is full of air.* 

In the represented by the solitary genus 

which is among the rarest of animals in museums, though 
its shells are found piled up in countless millions on the 
beaches of the islands of the Pacific, the shell is spirally 

• Steenstrup, “ Die Hectocoty- (The connecting columns are 
len-bildung bei Argonauta und | placed perpendicularly to the 
TVemoetopas erklart durch Beob- j laminae between which they arc 
achtungen ahnlicher Bildungen interposed, and may be simple or 
bei den Cephalopoden,” (‘Archiv branched. When the young Sepia 
fiir Naturgeschichte,’ 1856.) | leaves the egg, the sepiostaire 

f The planes of the superim- ; already contains air. 
posed parallel laminse form an i f Owen, * Zoology of the 
acute angle with that of the prin- : Samarang,* 1848. 

I cipal plate of the sepiostaire. 
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coiled and divided by septa, perforated by a siphuncle, into 
cbambers. The last chamber of this pbragmocone, however, 
is AO larger than its predecessor, and the shell is held in 
position by lateral processes of the mantle, which are united 
over it, and probably represent the walls of the sac in 
which the shell was primitively formed. The last chamber 
of the shell lies in front of the axis of the helix ; the shell 
is therefore coiled in the opposite direction to that of 
Nautilus. 

In certain extinct genera (e.g. 8piruliro8tra)'si shell, like 
that of Spirvla, is enclosed in a dense and laminated pointed 
sheath, like the hinder end of a sepiostaire, or of the pen of 
an Ommastreplies. 

In the Belemnitidce (Fig. 134), which abounded in the 
Mesozoic epoch, but have been extinct since that time, a 
straight pbragmocone is enclosed within a more or less 
conical calcified laminated structure, the guard or rostrum, 
which is continued forwards into a variously-shaped, usually 
lamellar, pro-ostracum. The pro-ostracum and the rostrum 
together represent the pen in the Teuthidce. 

The rare specimens of Belemnitidce in which the fossilised 
soft parts are retained, show that the arms were provided 
with books, and that there was a large ink-bag.* 

The genus Acantlioteut1iis’\ {Belemnoteuthis, Pearce) — one 
of the Bdvmnitidcc, in which the guard is almost laidimen- 
tary, while the pro-ostracum is large and penlike — occurs 
in the Trias, and is the earliest known Dibranchiate Cepha- 
lopod. The ordinary Belemnitidce abound from the Lias to 
the end of the Mesozoic period, after which they disappear. 
The Sepia doe. first appear in the latter half of the Mesozoic 
epoch ; while the Teuthidce are represented by genera closely 
allied to existing foims (Teuthopsis, Belemnosepia) as early 
as the Lias. 

* Huxley, “ The structure of t Owen, “ A description of 
Belemnites.” (‘ Memoirs of the certain Belemnites,” &c. (‘ Phil. 
Geological Survey of the United Trans.’ 1844.) 

Kingdom,’ 1864.) 
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CHAPTER IX. 

THE ECHINODERMATA. 

The Ecliinoderms are exclusively marine animals. They 
are always provided with a skeleton, composed of calcareous 
spicula, which commonly unite into networks, and give 
rise to definite skeletal plates. These generally become 
connected with one another by joints or sutm’es, but some- 
times remain distinct. A more or less spacious peritoneal 
cavity separates the vails of the body from those of the 
alimentary canal. The nervous system, in those Echino- 
derms in which it has been most satisfactorily made out, 
presents a ring, which surrounds the gullet, and gives off 
radiating longitudinal cords. A remarkable system of 
vessels, termed amhulacral, which also form a ring around 
the gullet, is highly characteristic of the Echinodermata. 
The most conspicuous and familiarly known Echinoderms 
— the Star-fishes {Asteridea), Brittle-stars (Ophiuridea), Sea- 
urchins (Echinidea), and Feather-stars (Crinoidea) — have a 
marked radial symmetry ; similar parts, usually to the 
number of five, being arranged around a central axis ; and 
the body is spheroidal, discoidal, or stellate. The Sea- 
cucumbers and Trepangs (HolotJmridea) are elongated and 
vermiform ; but the radial symmetry is still traceable in 
the arrangement of the oral tentacula, the nervous, and the 
amhulacral systems. It is to be remarked, however, that, 
in many Echinoderms, the radial symmetry, even in the 
adult, is more apparent than real ; inasmuch as a median 
plane can be found, the parts on each side of which are 
disposed symmetrically in relation to that plane. With a 
few exceptions, the embryo leaves the egg as a bilaterally 
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symmetrical larva, provided witli ciliated bands, and other- 
wise similar to a worm-larva, whi<^.may be termed an 
EchinopoBdium. The conversion of the Echinopsedium into 
an Echinoderm is effected by the development of an en- 

Fig. 135. 



Fig. 135.-— Diagram exhibiting the general plan of the development of 
the Echinwlerms (after Muller). — A, common form whence the 
vermiform Holothurid (B, B') and the pluteiform Ophiurid or 
Echinid (C, C) lar\se are derived; D, D', younger and more 
advanced stages of the Aster id {Bipinnarid) larvae ; a, mouth ; h, 
stomach ; c, intestine ; anus ; e, ciliated band ; e', second or ante- 
rior ciliated circlet of Bipinnaria, 

terocoele, and its conversion into the peritoneal cavity and 
the ambulacral system of vessels and nerves ; and by the 
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metamorpliosis of the mesoderm into radially disposed 
antimeres, the result which is the more or less complete 
obliteration of the primitive bilateral symmetry of "the 
animal. 

1. The Holothueidea. The study of the structure of 
the Echinoderms may best be commenced with the members 
of this division, which, in many respects, deviate least 
from such worms as the Gephyrea. 

In the Synaptce, for example (Pig. 136), the body is greatly 
elongated and cylindrical, the mouth being placed at one 
end, and the anus at the other. The oral aperture is situated 
in the centre of a circle of tentacula, and the gullet leads 
from it to an alimentary canal, without marked distinction 
of stomach and intestine, which extends through the body, 
and is connected by a mesentery with the parietes of the 
latter. The wall of the alimentaiy canal presents external 
circular, and internal longitudinal, muscular fibres, and its 
cavity is lined by a cellular endoderm. 

The body- wall, or perisoma, consists of an external cel- 
lular ectoderm, covering a layer of connective tissue within 
which are circular and longitudinal muscular fibres. The 
latter are disposed in five bands, attached anteriorly to a 
corresponding number of the pieces of a calcareous ring 
which surrounds the gullet (Fig. 136, E). The separate 
ossicles which compose this ring are usually ten or twelve 
in number, and the five to which the longitudinal muscles 
are attached are notched or perforated for the passage of 
the ambulacral nerves, which proceed from the circum- 
oGSophageal nerve to the parietes of the body. 

The integument contains numerous perforated, flat, cal- 
careous plates, to which protruding anchor-like hooks of 
the same substance are attached (Fig. 136, F). According 
to Semper, these anchor-like bodies are developed in special 
sacs with an epithelial lining.* 

A spacious peritoneal cavity lies between the parietes 

* See, on this and all points Archipel der Philippinen.’V^Wis- 
relating to the structure of the senschaftliche Besultate,’ Hd. L : 
Uolothuridea. the beautiful mo- Holothurien.') 
nograph by Semper : “ Reisen im 
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of the body and the alimentary canal, and the cells which 
line it are more or less extensively ciliated. Pedunculated 
ciliated cups are attached to the mesentery. 

The circular vessel of the ambulacral system surrounds 
the gullet below the calcareous ring (Pig. 136, E, h). Pos- 
teriorly, it gives off various csecal prolongations, which de- 
pend freely into the peritoneal cavity. Some of these — the 
Polian vesicles — are mere caeca; but, in addition, there are 
'one or more tubular prolongations, the perforated extremi- 
ties of which are invested by a calcareous network, and are 
termed the madreporic canals. Through the openings in 
the free end of the madreporic canal, the interior of the 
ambulacral system communicates with the peritoneal 
cavity. Anteriorly, the circular vessel gives off branches 
to the tentacula. These pass between the calcareous ring 
on the outer side, and the anterior end of the alimentary 
canal and the nerve ring, on the inner side. As each enters 
its tentacle, it dilates and sends down a short csecal 
prolongation on the outer side of the calcareous ring. 
The ambulacral vessels are filled with a fluid containing 
numerous nucleated cells. 

Contractile vessels, which accompany the intestine and lie 
on opposite sides of it, filled with a similar corpusculated 
fluid, seem, notwithstanding the difference in their contents, 
to represent the pseud-hmmal vessels of the Annelids. 
These vessels do not extend into the pailetes of the body. 

The nervous system consists of a ring which lies superficial 
to the circular water- vessel, and from which five principal 
equidistant cords proceed. These pass through the apertures 
or notches in the circum-oesophageal plates already men- 
tioned, and each proceeds along the middle line of one 
of the longitudinal muscular bands, to the opposite extre- 
mity of the body. 

The ambulacral neiwes appear to be hollow ; or perhaps 
it would be more correct to regard them as thickenings in 
the wall of a neui-al canal, as they are in the Asteridea.* 

* According to Greet (“ Ueber der Gesellschaft zu Marburg, 
den Bau der Echinodermen,” 1872), another canal lies super- 
3te Mittheilung, Sitzungsberichte ficial to the ambulacral nerve in 
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The genital gland is single, and opens near the oral end 
of the body, in the line of the attachment of the mesentery. 
The branched csecal tubuli of which it is composed contain 
both ova and spermatozoa, so that the Synaptce are Tier- 
maphrodite. In the majority of the Holothuridea, how- 
ever, the sexes are distinct. 

In other Holothuridea, the skeleton may attain a much 
greater development, and even take the form of conspicuous 
overlapping plates {Psolus). Moreover, the circular vessel 
of the ambulacra! system not only gives origin to Polian 
vesicles, madreporic canals, and tentacular vessels, but five 
canals proceed from it, pass through holes or notches in 
those circum-oesophageal plates to which the longitudinal 
muscles are attached, together with the nerves, and run 
backwards, along the centre of the area occupied by these 
muscles, on the deep or inner side of the longitudinal 
nerve. These are the radial ambulacral vessels. In 
the higher Holothuridea^ each radial ambulacral vessel 
gives off many lateral branches ; these enter contractile 
processes of the body>wall, which subserve locomotion, and 
are the ambulacral feet, suckers, or pedicels. In accordance 
with the disposition of the ambulacral vessels, the pedicels 
are usually disposed in five longitudinal bands, which are 
the ambulacra. Sometimes {Psolus) the pedicels are sup- 
pressed in two of the five ambulacra, and the other three 
are disposed upon a flattened surface upon which the animal 
creeps. 

In the higher Holothurids, the intestine terminates in a 
distinct cloaca, into which two hollow ramified organs, which 
lie in the perivisceral cavity, open. The ramifications of 
one of these are received between the meshes of a special 
plexus of the pseud-haemal vessels. Water is taken into, 
and expelled out of, the cloaca and these appendages, which, 
doubtless, «ubserve an excretory function, and are commonly 
called respiratory trees. It seems probable that the 
the //oZoMwridea ; and represents (‘Jenaische Zeitschrift,' li^76), 
the ambulacral groove of the star- however, maintains that this 
fishes. Teuscher, “ Beitrage zur superficial canal is an artificial 
Anatomie der Echinodermen ” product. 
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c, intestine and anus; rf, sacs of the enterocoele (sausage-shaped 
bodies) at the sides of the stomach; e, rudiment of the ambulacral 
vascular system. B. Further advanced condition of the Iai<ra in 
which the oral aperture is obsolete (the so-called “pupa-stage”), 
and the cilia are arranged in zones, *, tentacula; k, Polian vesicle; 
the longitudinal muscles of the body-wall. C, a young Synapta^ in 
which the ciliated zones have disappeared ; with its nve tentacles 
and the wheel- shaped calcareous bodies at its hinder end. m, the 
madreporic canal which now opens into the cavity of the body. D, a 
young Synapta inhcerem with anchor-shaped calcareous spicula, except 
at the hinder end of the body, where they are small and polygonal. 
E. Longitudinal section of the anterior end of the body of an adult 
Synapta digitata. ct, perisoraa with the longitudinal muscles and 
radial nerve trunks ; calcareous plates which surround the gullet ; 
c, tentacular canals ; rf, oesophagus ; c, radiating muscles of the 
pharynx; divided ends of the circum-oral nerve; A, circular 
ambulacral vessel with Polian vesicle; cavity of a longitudinally 
divided tentacle, into which a tentacular canal opens ; A, generative 
caeca ; /, mesentery with the dorsal blood-vessel ; m, ‘ auditory 
vesicle ’ on the radial nerve ; w, longitudinal muscles ; o, tentacular 
pedicels ; oral disk. F. Calcareous plate and anchor of Synapta 
inlucrens. 

ultimate branches of these organs open directly into the 
perivisceral cavity. 

The Cuvierian organs are simple or branched appendages 
of the cloaca, the function of which is unknown. The in- 
terior of these organs is occupied by a solid substance, 
sometimes of a viscid nature. In some Holothuridea, the 
anal aperture is provided with a circlet of calcareous plates. 

In many of the higher Holothurids the pseud-hsemal 
vascular system attains a great complexity, and its branches 
not only extend over the alimentary canal, but, as has 
been said above, closely embrace one of the branched 
excretory organs. 

The most aberrant form of this group at present known 
is the genus Bhopalodina. According to Semper, the body 
is flask-shaped, and at the narrow end of the flask are two 
apertures. One of these — the mouth — is surrounded by 
ten tentacula; the other, which is the anal aperture, is 
encii'cled by ten papillae, and by as many calcareous plates. 
A spacious cloacal cavity, provided with excretory organs, 
traverses the neck of the flask, and opens by the anal 


Semper, be. cit. Heft iv., p. 133. 
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aperture. The gullet is surrounded hy a ring of ten 
calc5«ireous plates. The genital duct is situated between 
the cloaca and the gullet. Ten ambulacra diverge from 
the centre of the enlarged aboral end of the body, and 
-extend, like so many meridians, to near the commencement 
of the neck of the flask. In correspondence with each 
ambulacrum is a longitudinal muscular band ; and it is an 
especial peculiarity of Rhopalodina that five of these are 
attached to the anal circlet, and five to the circum-oesopha- 
geal circlet. Until, however, it has been shown that the 
circular ambulacral vessel encloses the cloaca, as well as the 
oesophagus — which is highly improbable, — it is justifiable 
to assume that the anus of Rhopalodina is really, as in the 
Crinoidea, interradial in position. 

The development of the Holothuridea is extremely instruc- 
tive. Yelk-division gives rise to a vesicular morula, which 
undergoes invagination, and becomes converted into an oval 
ciliated gastrula. The opening of invagination becomes 
the anus, while a mouth and gullet are produced by an 
invagination of the ectoderm, near the anterior end of the 
body, which unites with and opens into the blind end of 
the endodermal sac, or archenteron. The completed ali- 
mentary canal is thus composed of a gullet, a rounded 
stomach, and an intestine ; and the cilia of the ectoderm 
usually become restricted to a single band, bent upon itself, 
though its general direction is transverse to the axis of the 
body (Fig. 135, B ; Fig. 136, A). At a subsequent period, 
this single band may be replaced by a series of hoops of 
cilia (Fig. 136, B). According to Kowalewsky* the 
embryo of Pentacta doliolum does not become ciliated 
at all, and that of Psolinus passes from the condition in 
which the cilia are dispersed over the surface, directly 
into one in which it is provided with five zones of cilia, 
between two of which the mouth opens. In this condition 
it singularly resembles the embryo of Comatula. And, 
indeed, in the further advanced condition of the Psolimi^, 
the oral end of the body, surrounded by triangular cal- 
* *Mem. de I’Acad. de St. Petersbourg,’ 1868. 
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careous plates, within which the tentacles take their origin, 
has a striking resemblance to the oral end of the ^nng 
Pentacrinoid larva of Comatida. 

The peritoneal cavity and the ambulacral vessels take | 
their origin,* in a very remarkable manner, from the ' 
archenteron, before the oesophageal invagination reaches it. ; 
The anterior part of the archenteron gives otf a caecal process, 
which, becoming a sac, is constricted olf from the archenteron 
as what Salenka terms a vaso-peritoneal vesicle. This vesicle 
changes its position to the left side of the alimentary canal, 
and then sends a naiTow duct-like diverticulum towards 
the doiml region of the ectoderm, which eventually coalesces 
with the latter, the cavity of the diverticulum opening on 
the exterior by a rounded pore. The vaso-peritoneal vesicle 
now divides into two portions, one of which, the ambulacral 
saCy remains connected with the exterior by the duct, and 
constitutes the foundation of the whole of the ambulacral 
system of vessels ; while the other, the peritoneal sac, gives 
rise to the peritoneum. The former becomes five-lobed, 
grows round the gullet, and gives rise to the tentacular and 
ambulacral canals with the Polian vesicle, or vesicles ; while 
the duct, detaching itself from the dorsal wall, becomes 
the madreporic canal. 

The latter divides into two vesicles, which arrange them- 
selves at the sides of the stomach. The stomach takes on 
a more cylindrical shape, and these vesicles become the 
“sausage-shaped bodies” (wiirstformige Korper), observed 
by Muller (Fig. 136, A). They gradually increase in size, 
and growing round the alimentary canal, unite above and 
below it. Thus a cylindrical cavity with a double wall 
is formed, between the endoderm and the' ectoderm. The 
inner wall of the cavity applies itself to the alimentary 
canal, and aided by the mesoblastic cells which appear to 
be developed from the endoderm, becomes the muscular 

* See Metschnikoff, “Studien Ihe very satisfactory memoir of 
liber die Entwickelung der Echi- Salenka, “ Zur Kntwickelung der 
nodermen und Nemertinen ** Uolothurien " (‘ Zeitschrift fur 
(‘Mem. de I’Acad. de St. Peters- Wiss. Zoologie/ 1876). 
bourg, xiv., 1869) ; and especially 
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and peritoneal coat of that viscus ; while the outer wall, 
attaching itself to the ectoderm, or to the mesoblastic cells 
whi(&i line it, is, with them, converted into the muscular 
and peritoneal investment of the parietes of the body. 
The interspace between the two is the peritoneal cavity. 


Fig. 137. 



Fig. 137.— Development of a Holothurid (after Muller). — A, Early 
condition of the larva (Avriculnria); the dorsal pore of /t, the 
ambulacral sac; B, later stage; c', intestine ; y, dorsal pore ; 
circular ambulacral vessel with its prolongations; calcareous 
body ; C, young Ilolothuria with circular ciliated bands ; y, madre- 
poric canal ; /', Folian vesicle. 

In the meanwhile, the body of the embryo elongates, the 
tentacula are developed around the mouth, the ciliated bands 
disappear, and the Holothurid Echinoderm is complete. 

Thus it is clear that the peritoneal cavity of the Holo- 
thurid is an enterocoele, and that it answers to the peri- 
visceral cavity of Sagitta^ or of the Brachiopoda ; and 
further, that the ambulacral vessels are also modifications 
of the enterocoele. Moreover, it is obvious that the struc- 
tures which are developed between the enterocoele and the 
ectoderm and endoderm, answer to those which are evolved 
from th» mesoblast in other animals ; and that the adult 
Echinoderm stands in the same relation to the Echino- 
pcBdiwm as an Annelid does to its embryo ; the adult form 
being due to the peculiar arrangement of the parts de- 
veloped from the mesoblast. Ho part of the Echinopaedium 
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is cast off in the course of the development of the Holo- 
thuridea. 

2. The Astekidea. — A Star-fish is comparable to a 
Holothurid, the ambulacra of which are restricted to its 
oral half, flattened out so as to have a very short axis ; 
while its equatorial diameter is greatly increased, and 
produced in directions corresponding with each ambu- 
lacrum. The result would be a disk, having the form of a 
pentagon, or of a five-rayed star, with ambulacra only on 
that face of the disk which bears the mouth. Hence the 
amhulacral, and the opposite, or antamhulacral, faces are 
of equal extent. 

Most Asteridea are like five-rayed stars, but some are 
pentagonal disks {Goniaster)^ and some few {Solastcr) have 
more than five rays. In Brisinga, the rays are much more 
different from the disk than usual, and the genus thence 
acquires an outward resemblance to an Ophiurid. 

All the Asteridea are provided with a skeleton made up 
of plates or thick rods, composed of a dense calcareous 
network, A deep groove, radiating from the mouth to the 
end of the ray, marks the position of each ambulacrum, 
and the sides of this groove are supported by two series of 
amhulacral ossicles, which meet and articulate together in 
the middle line or roof of the groove. The ambulacral 
nerve and canal lie superficial to these ossicles. There are 
no oral tentacula. 

The five-rayed body of the commonest of British Star- 
fishes,* the Fivefinger [Uraster, or Aster acanthion, ruhens), 
presents an oral face, in the centre of which the mouth is 
placed, and an opposite or ahoral face. The hardly-dis- 
cemible anal aperture is situated not exactly in the centre 
of this face, but close to it. The mouth, which varies very 
much in size, lies in the middle of a soft membranofis oral 
disk. A deep furrow, the amhulacral groove, occupies the 
middle of the oral surface of each ray, and is nearly filled 

* Compare Hoffmann, “ Zur Anatomic der Asteriden.” (‘ Nieder- 
landischea Archiv,’ Bd. ii. 1874.) 
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by contractile sucker-like pedicels, with circular discoidal 
en(jB, apparently arranged in four longitudinal series. The 
deepest part of the groove is at its central end, where 
. its lining passes into the oral membrane. The shallowest 
I part is at its distal end, where it terminates against a 
I median projection, the peduncle of the eye, on the aboral 
’ side of which is the single median ocular tentacle. Lines 
drawn from the mouth along each ambulacrum are termed 
radii, and the regions occupied by the ambulacra are said 
to be radial. The parts of the body situated between the 
ambulacra are interradial. The lateral walls of the ambu- 
lacral grooves of adjacent ambulaci-a unite at the circum- 
ference of the oral disk, and give rise to five interradial 
angles. On one side of the aboral face of the centre of the 
body, between the origins of two of the rays, and therefore 
interradial in position, is an oval or somewhat pentagonal, 
slightly convex, porous plate, the surface of which is covered 
with nan’ovf meandering grooves. This is the madrepork 
tubercle or madreporite. 

The perisoma, or wall of the body, upon the aboral face, 
and upon the sides of the rays, is everywhere covered 
with short spines. In the intervals between these, groups of 
delicate membranous tubuli, which are closed at their free 
ends, project. Small two-pronged pincer-like bodies, the 
pedicellarice, are attached to the spines and to the peri- 
soma between them, and during life are seen to twist about 
and snap. 

The perisoma presents, externally, a cellular ectoderra, 
provided with a thin cuticle, which bears numerous cilia- 
Beneath this lies a mesoderm, containing connective and 
muscular elements, in which the calcareous structures 
which constitute the skeleton are lodged. On the inner 
side of the perisoma, a ciliated epithelium lines the peri- 
visceral cavity. 

The separate elements of which the skeleton is composed 
may be divided into three groups : the ossicula, which, joined 
end to end and united by connective and muscular tissues, 
constitute the chief framework of the body; the spines, 
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attached to the ossicula by ligamentous fibres at one end, 
and free at the other ; and the calcareous structures con- 
tained in the pedicellarice. On the antambulacral wall of 
the body, the ossicula are elongated rods of very unequal 
lengths, united together in such a manner as to leave poly- 
gonal, rounded, or elongated, meshes. The sides and roof 
of each ambulacral groove, however, are bounded by two 
series of regularly disposed and similar amhvlacral ossicles, 
which lean against one another in the middle line above, 
diverge so as to enclose the ambulacral groove, and, at 
their outer ends, abut upon thick short adamhulacral 
ossicles, which lie at the sides of the groove (Fig. 139, D). 

Between every two ambulacral ossicles in the same half 
of the ambulacrum there is a canal, formed by the junction 
of notches in the oral and distal faces of the two ossicles. 
Consequently there is a half-pore on the oral, and another 
half-pore on the distal face of each ossicle. The half- 
pore on the oral face is always internal in position to 
the half -pore on the distal face, and, as the part of the 
, ambulacral ossicle which lies between the two is thin, 
the row of pores, though it is really single and bent in 
a sharp zigzag, appears at first sight to be double. The 
ducts which connect the ambulacral vesicles with the 
pedicels, traverse these pores ; and the comparatively large 
and veiy flexible and extensile pedicels are thus so closely 
, packed together, that they appear to form a double row, 
on each side of the middle of the ambulacrum. 

At the circumference of the oral disk, the ossicles of the 
ambulacra, diminished in size and closely united together, 
form a pentagon, the angles of which answer to the ends of 
the ambulacral grooves, round the oesophagus. The con- 
joined outer ends of the pair of ambulacral ossicles nearest 
the mouth project on the oral face, outside the buccal meuj- 
brane, as five vertical crests, armed with strong spines, 
which are beset with pedicellarise. In correspondence 
with these, five falciform folds of the perisoma, more or 
less calcified, project into the cavity of the body. They are 
interradial in position, and extend up to the aboral wall. 
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Their inner edges are free, and look towards the stomach ; 
with one of them, the madreporic canal and the sinus 
wh^ch accompanies it, are closely connected. 

The spines are more or less moveably united with the 
ossicula, hut there are no such regular joints as are met 
with in the Echinidea, The pedicellarim are supported upon 
short flexible peduncles. The skeleton of each consists of 
two blades articulated with a basal piece. From the centre 
of this very strong adductor muscles proceed to the inner 
faces of the blades, and weaker fibres, attached to the exterior 
and to the outer faces of the bases of the blades, act as 
divaricators. 

The gullet opens into a wide stomach produced into five 
large cardiac sacs, the walls of which are subdivided into 
many sacculi. Each cardiac sac is radial in position, and 
may extend a short way into the cavity of the arm to 
which it corresponds. On the aboral side of these sacs, 
the alimentary canal suddenly narrows, and then dilates 
again into a shallow, but wide, pentagonal pyloric sac, the 
angles of which are produced into five tubes. Each of 
these passes along the middle of the aboral face of a ray, 
and divides into two branches, which run parallel with one 
another through half or two-thirds the length of the ray, 
(and end blindly. The branches give off numerous caecal 
dilatations, arranged in pairs on opposite sides, and these 
hang down into the cavity of the ray. The edges of the 
pentagonal pyloric sac and the aboral faces of its sacculated 
branches are connected by mesenteric folds with the aboral 
perisoma. The oral faces of the cardiac sacs are similarly 
connected by pairs of mesenteric folds with the sides of 
the corresponding series of ambulacral ossicles. The 
aboral face of the pyloric sac presents an aperture closed 
by projecting valvular folds, which leads into the short 
tubular intestine. The latter terminates in a minute 
anal pore, situated nearly in the centre of the aboral 
face of the body. The intestine receives the duct of a 
caecum divided into two main branches, each of which 
has. many minor subdivisions. If the animal, having 
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ifcs mouth downwards, is divided into two halves, by a 
vertical plane passing through the mouth, the central 
point of the aboral face, the madreporic tubercle, itnd 
the middle line of the ray opposite to the tubercle; and 
if this ray is anterior ; then the anus opens into the left 
posterior interradial space, and the caeca lie partly in this 
and partly in the left anterior interradial space. 

The nervous * and vascular systems of the Star-fish arc 
so closely related to one another that they may be best 
considered together, and as there is least difficulty in 
making out their arrangement in the ambulacra, the study 
of them may be commenced in this region. 

When the suckers of an ambulacrum are carefully cut 
away, a longitudinal ridge is seen to lie at the bottom of 
the groove between their bases. This ridge is the amhula- 
cral nerve. Followed to the apex of the ray, it ends upon the 
eye and its tentacle ; in the opposite direction, it reaches the 
oral disk, at the periphery of whieh it divides, and skirting 
the margins of the disk, joins the branches formed by the 
bifurcation of the adjacent ambulacral nerves, thus giving 
rise to a subpentagonal ring round the mouth. 

The eye f is a thick cushion-like expansion of the ectoderm 
continuous with the ambulacral nerve. In it are imbedded 
many clear oval bodies surrounded by pigment, which 
appear to represent the crystalline cones of a compound 
eye. 

The tentacle which lies on the aboral side of the eye, 
resembles one of the pedicels in structure, but has no 
terminal sucker ; its function appears to be tactile. 

In a good transverse section of one of the arms or rays 
of the Star-fish, the nerve is seen to be a band-like thicken- 
ing of the ectoderm, the cells of which have become 
peculiarly modified, but which is continuous laterally with 
the ordinary ectodermal covering of the pedicels. This 
band-like nerve constitutes the superficial wall of a canal, 

* See Wilson, “ The nervous Teuscher cited below, 
system of the Asterid a” (‘ Trans. t Conf. Haeckel, ‘ Zeit. fUr 

Linnean Society,’ 1862 ), and the Wiss. Zoologie/ 1860 . 
later contributions of Professor 
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which extends through the whole length of the ambulacrum 
and may be termed the amhulacral neural canal. It is 
diTiided by a longitudinal septum. At its oral end, as has 
' been seen, each ambulacral nerve, when it reaches the oral 
membrane, divides into two divergent branches, which 
unite with the corresponding branches of the other ambu- 
lacral nerves to form the oral ring. Answering to the 
latter is a wide circular neural canal, into which the ambu- 
lacral neural canals open. 

In the transverse section of the ai*m, a second and much 
larger canal is seen to lie between the conjoined ends of 
the ambulacral ossicles and a strong septum, containing 
transverse fibres, which separates it from the neural canal. 
This is the radial canal of the ambulacral system of 
vessels. At its oral end it opens into the circwmoral 
ambulacral vessel which lies close to the ossicles to which 
the margins of the oral membrane are attached. From 
opposite sides of the radial canal, short branches are given 
ott’, which pass between the ambulacral ossicles, and each 
opens into the neck of a relatively large sac, with muscular 
walls (amhulacral vesicle), which lies on the aboral face of 
the ambulacral ossicles in the interior of the ray. The 
neck of the ambulacral vesicle passes in the opposite 
direction into one of the pedicels. Thus the ambulacral 
vessel communicates with the cavities of all the pedicels 
on the one hand, and with the cavity of the circumoral 
ambulacral vessel on the other. Five pairs of small 
eminences, consisting of caeca which open into the cir- 
cumoral vessel, are seated upon it; and from one part 
of it, opposite one of the interradial falciform folds already 
mentioned, springs a canal, which, taking a sinuous course, 
passes to the aboral face and terminates beneath the ma- 
dreporic tubercle ; this is the madreporic canal. It is not 
a simple tube, but, as Sharpey first observed, its walls are 
doubly involuted so as partially to obstruct its cavity, and 
it is strengthened by annular calcifications. The pores of 
the madreporic tubercle place the cavity of the madreporic 
canal in communication with the exterior, whence it follows 
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that the cavities of the whole ambulacral system must be 
directly accessible to the sea- water in which the Star-fish 
Ives. The madreporic canal is invested by the lining mepa- 
li*ane of the peritoneal cavity. This incloses a sinus, 
which accompanies the madreporic canal, and into the 
interior of which a fold projects. 

There is no great difficulty in ascertaining the existence 
>f the structures which have now been described, and 
uU anatomists are agreed as to the nature of the ambu- 
hfNKil system. But whether the neural canals are to be 
fonsidered as a special system of blood-vessels, and the 
sinus which accompanies the madreporic canal, a heart, as 
m usually assumed, appears to me to be very doubtful.* I 
iSm disposed to think, in fact, that not only these canals, 
but the circular, or rather, pentagonal vessel which has 
been described as situated on the aboral face of the body, 
around the anus, giving off various branches to the viscera 
and communicating with the so-called heart, are mere sub- 
divisions of the interval between the parietes of the body 
and those of the alimentary canal, arising from the dis- 
position of the ambulacral vessels and that of the walls 
of the peritoneal cavity ; both of which, as their development 
shows, are the result of the metamorphosis of saccular diver- 
ticula of the alimentary canal, which have encroached upon, 
Wnd largely diminished, the primitive perivisceral cavity 
Which exists in the embryo. 

The peritoneal cavity of the body and rays is filled with 


. * Since Tiedemann’s time, the 
Iffesence or absence of a blood- 
vascular system in the Starfishes 
has been alternately asserted and 
denied. The recent investiga- 
tions of Greef, “ Ueber den bau 
der Echiiiodermen ” (‘ Marburg 
Sitzungsberichte,’ 1871-2), Hoti- 
man (1. c.), and of Teuscher, 
** Beitrage zur Anatomic der 
Echinoderraen ” (‘ Jenaische Zeit- 
schrlft,’ Bd. x.), are in favour of 
the existence of the ‘ anal ring,’ 
and of an extensively ramified 
system of canals, connected with 


it and with the neural canals. 
But it docs not appear to me tha 
the facts, as they are now known 
justify the assumption that these 
canals constitute a distinct system 
of blood-vessels. Injections show 
that all these canals communicate 
with the ambulacral vessels, anc 
with the exterior, by means o 
canals in the madreporic tubercle 
which open partly outwards 
partly into the madreporic canal 
and partly into the sinus which 
accompanies it, and communicatei 
with the circumoral neural vesseL 
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a watery corpusciilated fluid ; a similar fluid is found in the 
ambulaoral vessels, and probably fills all the canals which 
haf’e been described. The corpuscles are nucleated cells, 
which exhibit amoeboid movements ; and the fluid so ob- 
viously represents the blood of the higher animals, that I 
know not why the preposterous name of “chylaqueous 
fluid” should have been invented for that which is in no 
sense “ chyle,” though, like other fluids of the living body, 
it contains a good deal of water. As the cavities of the 
tubular caeca of the perisoma communicate freely with the 
general cavity, and their walls share in the general ciliation 
of the lining of the cavity, it is very probable that they 
may subserve the function of respiration. 

The genital glands are situated in pairs, inteiTadially, at 
the junction of the body with the rays. Each gland is 
divided into a number of elongated processes, the common 
base of which is attached to the face of one of the inter- 
radial septa,, while the processes project freely into the 
cavities of the arms. According to Hoffmann and Greet, 
the inner caviti<is of the genital processes are filled when 
the vascular system is injected. It is possible, therefore, 
that the genital glands are merely processes of the meso- 
dermal layer, in the walls of which the genital products are 
developed ; in which case there would be a close approxi- 
mation between the genital glands of the Star-fishes and 
those of the Crinoids. According to Greef, the extemal 
openings of the genital glands are visible in Ur aster, in the 
breeding season ; in other Star-fishes, they are conspicuous 
in the inteiTadii of the aboral face of the body. In I/aidea. 
OphUUastcr and some other genera, the glands extend far 
into the interior of the arms, and Prof. G. O. Sars* has 
pointed out that, in Brisinga endecacnemos, the genitalia 
are numerous distinct glands, arranged in two series, one 
on each side of the middle line of the central half of 

♦ < Researches on the Struc- proves that Brisinga is a true 

ture and Affinity of the genus Asterid, and not, as has been sup* 

Brisinga,* 1870. In this im- posed, a transitional form between 

portant memoir the author the Asteridea and the Ophiuridea. 
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each ray. Each of these ovaries or testes has a separate 
aperture. 

In some Star-fishes, as in some Holothurids, the embryo 
passes into the Star-fish form without any free larval stage. 
But, more usually, an EchinopaBdium is formed in the same 
way as in the Holothurians, though it presents differences 
in the arrangement of its ciliated bands, and especially in 
their prolongation into numerous lobes or narrow processes, 
as in the remarkable form originally named Bipinnaria. 
(Fig. 135, D D', and Fig. 138.) It has no calcareous 
skeleton. 

Pig. 138. 



Fig. 138.— A young Astf'rid larva (Bipintiaria, after Muller), — A, 
ventral ; B, lateral views of larva {liipinnnrli') • C, Bipinnaria with 
rudiment of the Star-fish, a, mouth; fe, a'sophagus ; c, stomach: 
c', intestine ; o, anus ; x, ventral ; y, dorsal side of the anterior ena 
of the body; d\ ciliated bands; A, cacal diverticulum forming 
the rudiment of the ambulacral vascular system, and opening ex- 
ternally by the pore g. 

According to the observations of Prof. A. Agassiz,* which 
have been confirmed by Metschnikoff and Greef, the ambu- 
lacral vessels commence as diverticula of the stomach, 
which, becoming detached from the alimenttiry canal, give 
rise to the peritoneal cavity, and to all the substance 

♦ “ Embryology of the Star- ment of which is described in this 
fish.'* (‘Contributions to the N atu- imjiortant memoir, are Asteracan- 

ral Histo^ of the United States,' thion pallidus and A, heryliniut, 
V.1864.) The species, the develop- 
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of the body between the endoderm and the ectoderm.* 
A portion of one of these diverticula, however, separates 
^ itsftlf from the rest, opens externally by a pore, and becomes 
( metamorphosed into the ambulacral vessels. But this 
ambulacral diverticulum does not surround the gullet, and 
consequently a new mouth is developed in the centre of the 
ambulacral ring. The larval mouth and gullet are abolished, 
and the greater part of the body of the Echinopsedium is 
separated from that portion which contains the stellate 
Echinoderm. The latter results from the metamorphosis 
of the mesoderm, which is modelled upon the different 
divisions of the enterocoele, and encloses the middle portion 
of the alimentary canal.f 


The Ophiuridea. — The brittle Stars, though they re- 
semble the ordinary Star-fishes in form, difier essentially 
from them, not only in the structure of their skeleton, but in 
the characters of the Echinopsedium. The ambulacra are 
confined to the oral aspect of the body, so that, as in the 
Asteridea, the ambulacral and oral, the antambulacral and 
the aboral surfaces, respectively coincide. The mouth is 
i situated in the centre of the oral face, but no grooves 
' radiate from it along the ambulacra, which are covered by 
a series of plates of the skeleton. The alimentary canal 
is a simple gastric sac without cseca, and has no intestine 
or anus. In contradistinction from the Star-fishes, the 
prolongations of the peritoneal cavity into the rays are 
very narrow. 

The typical Ophiuridea possess a very complete calcareous 
skeleton ; which, on the body and on the exterior of the 
rays, has the form of plates. On the body, the disposition 
of these varies much ; but five of them, which are situated 


* Probably independently de- 
Teloped mesoblastic cells contri- 
.ute to the formation of the 
mesoderm as in the Holothurids. 

t Greef (/.c.)ha8 worked out the 
development of Uraster {Astera- 


eanthion) rubens^ the larval form 
of which resembles the Biptnmna 
and Brachiolaria of Helsingfors, 
described by Muller. Partheno- 
enesis appears to occur in this 
tar-fish. 
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interradially in the neighbourhood of the mouth, are often 
larger than the others, and are termed smta buccalia. 

Each ray contains an internal solid axis, composed* of a 
single series of quadrate axial ossicles (Fig. 139, 0, a), each 
consisting of two lateral halves united by a longitudinal 
suture and articulated together by tenon and mortice joints 
upon their terminal surfaces. Each of these ossicles (which 
are sometimes termed vertebral) is surrounded by four plates ; 
one median and antambulacral (Fig. 139, C, 6), two lateral 
(Fig. 139, B, c) and one median and super-ambul acral (Fig. 

Fig. 139. 



Fig. 139.— A, ventral, B, lateral, views of a ray of Ophiura texturata 
(after Muller). C, transverse section, a, axial or vertebral’' 
ossicle of ray ; 6, antambulacral plate ; c, lateral plate ; c?, ventral or 
superambulacral plate. D, section of a ray of an Asterid, Astro- 
pecten aurantmcus f after Gaudry). a, ambulacral or ** vertebral ’ 
ossicles ; ft, adambulacral ossicles ; c\ marginal ossicles ; d, paxillae 
of antambulacral surface. 

139, A, d). The lateral plates may meet in the middle line on 
both the ambulacral and the antambulacral faces. Between 
the lateral plates are the apertures by which the pedicels 
make their exit. The oral aperture is surrounded by five 
oral angles, each of which consists of five pieces. The two 

2 o 2 
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constituents of the axial ossicle which lies at the oral end 
of a i*ay become moveably articulated with one another, 
whilS each ankyloses with an interambulacral piece. Trans- 
verse muscles connect the two interambulacral pieces, the 
oral edges of which are articulated with a long narrow 
plate, the torus angularis (Fig. 140,/). The free surface of 
the toms angularis lies in the walls of a sort of vestibule in 
front of the mouth. A number of short flat processes, the 
;pal(B angulares, are articulated with it and moved by special 
muscles. They doubtless perform the function of teeth. 
Rudimentary representatives of the calcareous ring of the 
Holothuridea and of the parts of the lantern of the Echinidea 
exist as delicate calcareous plates, which lie on the circular 
ambulacral vessel. The latter is usually provided with 
csBcal appendages, or Polian vesicles. The madreporic canal 
ends on the surface of one of the 8c^da huccalia ; the radial 
ambulacral vessels run in the arch between the axial ossicles 
and the super-ambulacral plates. The nerve lies superficial 
to the super-ambulacral f essel, but is also covered by the 
super-ambulacral plate, A neural canal lies between the 
nerves and the ambulacral vessels. The pedicels are tenta- 
culiform, and have no vesicles at their bases. The genital 
glands are lodged in the disk, and pour their products into 
the peritoneal cavity, which communicates freely with tbe 
exterior by vertically elongated apertures placed inter- 
radially on its margins.* According to Metschnikoff, 
Ophiohpis squamata is hermaphrodite. 

The early conditions of the embryos of most Ophiuridea 
are similar to those of other Echinoderms, and acquire the 
characteristic bilateral ciliated zone; but in some, the 
embryo does not become an Echinopasdium, but passes 
directly into the adult condition. Thus Krohn discovered 

* Muller, “Ueber den Bau der apparently csecal diverticula of 
Echinoderraen”( Abh.Berl. Akad. the circular ambulacral canal, 
1853) ; Teuscher (1. c.) ; Simrock, and of the necks of the Polian 

Anatomie und Schizogonie der vesicles {msa amhulacralia cavi) 
Ophiactis virens” (‘ Zeitschrift which traverse the peritoneal 
fiir Wiss. Zoologie,’ 1876). The cavity in all directions, 
latter writer describes numerous 



THE OPHITJEIDBA. 


565 


that the embryo of Ophiolepis ciliata is developed within 
the body cavity of the parent, to which it adheres by a 
kind of pedicel. Where an Echinopmdivm stage exists, the 
larva is a Pluteus (Fig. 135, 0 O'). The dorsal wall of the 
body of the embryo exhibits a median conical outgrowth ; 
along the course of the ciliated band symmetrically dis- 
posed processes are developed; and these outgrowths are 
supported by a calcareous skeleton, which is also bilaterally 
symmetrical. Metschnikojff * has made the interesting ob-^ 
servation that in an Ophiurid (probably Ophiothrix fragilis) 
the whole system of perivisceral and ambulacral cavities 


Fig. 140. 



Pipr 140. — A, Ophiolepis dliatay oral skeleton from within (after 
Muller). — a, dorsal marginal plates; b, ventral plates; </, vertebral 
ossicles ; e, interambulacral pieces of oral angle ; torus angu- 
laris; g, apertures for oral tentacles; A, position of nervous collar; 
iy impression of circular ambulacral vessel; ky orifice in the fiist 
ambulacral plate for the tentacular branch of the oral vessel; o, 
palx angulares. B, Astrophgtony oral skeleton seen from witliin 
(after Muller) : m m, peristomial plates; other letters as in A. 

arises from two bodies, one situated on each side of the 
gullet, which are solid, though it is possible that they may 
primitively have been hollow diverticula of the archenteron. \ 
Two cellular masses become detached from these bodies, ' 
apply themselves to the sides of the stomach, and are con- ^ 

* “8tuclion liber die Entwickelung der Echinodermen und Nemer- 
tinen.” (• Mem. Acad. St. Petersbourg,’ 186y.) 
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verted into disks, from which the parietal and visceral 
walls of the peritoneal cavity take their origin. The rest 
of the solid body on the left side of the gullet acquires a 
vesicular character, opens by a dorsal pore, and grows 
round the gullet, to give rise to the circular ambulacral 
vessel. The other solid body disappears. The mouth of 
the Echinopaedium becomes that of the Ophiurid. 

It cannot be doubted that these solid bodies take their 
origin, in the same way as in other EchinopoBdia, from the 
hypoblast ; and thus the question arises, how far does the 
mesoblast thus formed differ from that which arises by 
the mere outgrowth of cells from the hypoblast, as in the 
Dog-fish, and how far does this case tend to render it 
probable that a schizoccele is only a modification of an 
enterocoele ? 

The Echinidea. — An ordinary Sea-urchin is comparable 
to a Holothurid, with the body distended into a more or less 
globular form, and with a skeleton in the form of regular 
plates arranged in meridional series; those plates which 
correspond with the ambulacral vessels being superficial to 
the latter, and consequently perforated by the canals which 
pass from the ambulacral vessels to the pedicels. 

In the Echinidea, as for instance in the ordinary Echinus 
or Sea-urchin, the perisoma round the mouth [peristome) 
is usually strengthened for some distance by irregular oral 
plates. In addition, ten rounded plates are placed in pairs 
close to the lip ; these support as many pedicels and are 
perforated by the canals of the latter. A much smaller 
space around the anus (periproct) is similarly protected by 
anal plates. The rest of the body is supported by a con- 
tinuous wall made up of distinct, more or less penta- 
gonal plates, usually firmly united by their edges, which 
is called the corona. Of these plates there are twenty 
principal longitudinal series, constituting the great mass 
of the corona ; and ten single plates, which form a ring 
around its aboral or apical margin. The twenty series 
of longitudinal plates are disposed in ten double series — 
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five ambulacral, and five inter-ambnlacral — alternating with 
one another throughout the circumference of the corona. 
Each double series of plates presents a zigzag sutfire in 
the middle line, formed by the alternating arrangement of 
the triangular extremities of its component elements. The 
sutures between the respective series of ambulacral and 
interambulacral plates, on the other hand, are less obvious 


Fig. 141. 



Fig. 141.— Diagram exhibiting the relations of the different systems of 
organs in an Echinus. — a, mouth; h, teeth; c, lips; rf, alveoli; e, 
faloes ; /, auriculae ; g, retractor, and /t, protractor muscles of lantern ; 

madreporic canal ; A, circular ambulacral vessel ; Z, polian vesicle ; 
TO, w, o, ambulacral vessel; pedal vesicle; q, pedicels; r, 
spine; s, tubercle to which it is articulated; Z, pedicellariae ; «, 
anus; r, madreporic tubercle; x, ocular spot. 

and more straight. Each ambulacral plate is subdivided 
by a greater or less number of sutures, which traverse it 
obliquely, into a corresponding number of minor plates; 
and these, inasmuch a^ they are perforated by the cana^B 
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or pores,- whicli give exit to the two vessels whereby each 
pedicel is placed in communication with its basal vesicles 
and ^ith. the ambulacral vessel, are called pore plates. 
Throughout the greater part of the length of an ambula- 
crum of the common Echinus sphcera (Fig. 142, A) each 
ambulacral plate is thus divided into ^ three pore plates, 
traversed altogether by six pores or short canals. The 
outer openings of these canals are arranged close together 
in pairs upon little excavated shield-shaped elevations, or 
umbonesj sculptured on the outer or interambulacral half 
of the face of the ambulacral plate; but their inner 
extremities are much wider apart. A pore plate, or sub- 
division of the ambulacral plate, thus corresponds with 
each pair of pores, and therefore with each pedicel. 
Loven * has shown that the pore plates are the primitive 
ambulacral ossicles in the Echinoidea. At its apical ex- 
tremity, in fact, the ambulacrum is composed of only 
'two small ossicles which meet in the middle line. Each 
of these primitive ambulacral ossicles is perforated by 
a single or double pore for the pedicel which it bears. 
But as, in the course of the growth of the corona, new 
primitive ambulacral ossicles are added between the ocular 
plate and those already formed, the latter shift towards 
the oral end of the ambulacrum and grow, in correspondence 
with the larger space which they have to fill. But they 
grow unequally ; and while all retain their primitive con- 
nexions with the adjacent interambulacral plates, some 
lose, while others retain their median union with the 
corresponding ossicles of the same ambulacrum. The former* 
therefore, are, as it were, pushed away from the middle line 
by the union of their encroaching predecessors and suc- 
cessors. Groups of the primitive ambulacral plates, thus 
modified, enter into close union, and constitute the complex 
ambulacral plates of the fully developed ambulacrum. 

In the genus Cidaris, the primitive ambulacral plates 
enlarge, but do not coalesce into secondary ambulacral 

* “ Etudes sur les Echinoid^es.” (‘ Kongl. Svenska Vetensk-Akod. 
HandUngar/ Bd. II , 1875.) 
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plates; hence the distinction between ambulacral plates 
and pore plates vanishes. The ambulacral plates are con-s 
tinned on the peristome to the margins of the u5outh, 
and here they become somewhat altered in form and their 
edges overlap. 

In the living genus Asthenoaoma, and in certain extinct 
Echinidea (Lepidocentrus, Echinothmia)^ the plates of the 
corona are loosely united and overlap one another ; while, 
in the extinct palaeozoic PerischoechinidoBf there are more 
than two series of interambulacral plates, those in the 
middle of each interambulacrum being hexagonal. 


Fig. 142. 



Fig. 142. (After Muller.)— A. Three ambulacral plates of Echinus 
sph(Era^ exhibiting the sutures of the pore plates ot which each 
ambulacral plate is composed. B. Part of the petaloid ambulacrum 
of a Clypeastroid. 

In Echinus, the apical extremities of the ambulacra abut 
irpon the five smaller of the ten single plates which surround 
the periproct. Each of these is perforated, and supports 
the eyespot ; it is thence called an ocular plate. The apical 
extremities of the interambulacra, on the other hand, cor- 
respond with the five larger plates, which alternate with 
the ocular plates, and, like them, are perforated. The 
aperture is, however, larger, and constitutes the exit for 
the generative products. One of these five genital plates is 
larger than the others, and presents a peculiar porous 
convex surface, which is the madreporic tubercle or mad/re^ 
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porite. The latter is therefore interambulacral in position, 
as in the Star-fish. 

Coiliparison with the elongated Echinoderms shows that 
the madreporite lies in the right anterior inter-radius of 
the sea-urchin, so that the anterior ambulacrum is that 
which lies to the left of the madi*eporite, when the latter 
is directed forwards. In consequence of being able to dis- 
tinguish this odd or anterior radius, it is possible in any 
of the Echinideay to separate the three anterior ambulacra, 
as the triviurriy from the two posterior, the bivium ; and in 
the fossil genus, Dysaster, this separation of the ambulacra 
into trivium and bivium exists naturally. Muller has 
pointed out that in all the flattened Echinideay with a 
special ambulatory surface, the latter is formed by the 
bivial ambulacra and interambulacra, while, in the similarly 
modified Holothuridea, the animal rests upon the trivium. 

Within the circle formed by the genital and ocular plates 
the periproct presents a variable number of calcifications, 
of which one, the anal plate, is larger than the rest. The 
anus lies excentrically, between this plate and the posterior 
margin of the periproct. 

With the exception of cei*tain palaeozoic forms {Palcechi- 
nils), the composition of the skeleton of the Echinidea is 
always essentially similar to that which has just been de- 
scribed ; but the form of the body and the relative positions 
of the anal and oral apertures may vary very much. In the 
Echinoida {Cidarisy Echinus) the body is spheroidal, and the 
oral and anal apertures are opposite and central, or very 
nearly so. In the Clypeastroida {Clypeaster, Echinocyamus) 
the form of the body varies from a spheroidal to an ex- 
cessively flattened and even lobed shape. The mouth re- 
mains central, but the anus varies in position, from the 
apical surface to the margin, or even to the oral surface, as 
in Echinocyamus. In the remaining division of the 
Echinidea, the Spatangoida {Spatangus, Amphidotus, Anan- 
chytes), the form is usually a somewhat depressed oval, and 
both the oral and the anal apert^ires are excentric. The 
madreporite and the genital an^ ocular plates, on the other 
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hand, remain in the centre of the ahoral region in all the 
Echinidea. 

The ambulacra present important variations in the^hree 
divisions of the Echinidea. In the Echinoida they are ho- 
mogeneouSy presenting the same composition from their 
oral to close to their apical extremities, and having the 
pores and pedicels similar throughout. Furthermore, the 
ambulacra are widest in the middle, and taper gradually 
to each extremity (Echinus), or are of nearly the same size 
from one end to the other (Cidaris). 

In many Clypeastroida, on the contrary, the oral and the 
apical portions of each ambulacrum differ very widely, or 
are heterogeneous. The apical moiety is usually very 
wide in the middle and tapers to a point marginally, where 
it joins the oral portion. Hence there is an appearance of 
five petals diverging from the apex ; and such ambulacra 
are called petaloid (Fig. 142, B). In the oral portions of the 
ambulacra, on the contrary, the pores are either scattered 
widely over the ambulacral, and sometimes over the inter- 
ambulacral, plates, forming jpore-arece ; or they are arranged 
in bands which ramify over the inter-ambulacral as well as 
the ambulacral plates, giving rise to what Muller has termed 
pore fascioe. In the Spatangoida (Fig. 143) the ambulacra 
commonly present the same heterogeneous character ; but 
the oral portions are not arranged in fascite ; and it not 
unfrequently happens that the anterior ambulacrum becomes 
more or less abortive, so that only four petals are obvious 
on the apical surface, instead of five. 

The growth of the shell of the Echinidea is effected in 
two ways ; partly by addition to the circumference of the 
existing plates, partly by the interpolation of new ambu- 
lacral and inter-ambulacral plates at the apical end of each 
series between it and the ocular or genital plate, as the case 
may be. New plates are never added to the oral extremity 
of the corona proper. 

The surface of the plates of the corona in the Echinidea 
is covered with minute rounded elevations, or tubercles, j 
to which are articulated the spines so characteristic of the ) 
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group. Tlie tubercle may be either simple or marked by a 
central pit, into which and a corresponding pit on the head 
of th^ spine a ligament of attachment is inserted. Further- 
more, capsular muscular fibres connect the neck of the 
spine with the base of the tubercle, and effect the varied 
movements of which the organ is capable. The spines of 
the Echinidea vary very much in form and size, from the 
close-set velvety pile of Scutella, or the delicate spoon- 
shaped blades of Amphidotus, to the long-pointed lances of 
Echinus and the great clubs of Cidaris. Even on the same 
Echinoderm the spines may, as in the two latter genera, vary 
very much in appearance ; and it becomes necessary to dis- 
tinguish those large ones which form a continuous series 
from one end of an ambulacrum or inter-ambulacrum to the 
other, as primary spines, from the other less complete 
secondary and tertiary series. 

Lov4n * has drawn attention to the existence in all the 
Echinidea, except Cidaris, of certain minute spheroidal 
bodies, rarely more than of an inch long, which he 
terms sphoeridea. They occur upon the ambulacral plates, 
and especially upon those nearest the mouth. Each contains 
a calcareous and more or less dense and glassy skeleton, 
which is articulated with a corresponding tubercle as if it 
were a miniature spine. In some genera, these sphoeridea, 
to which Loven ascribes a sensory function (probably 
auditory), are sunk in fossae of the plate to which they 
are attached. 

Scattered among their spines, the Echinidea possess 
pedicellarice, which are usually provided with long slender 
stems, terminating in oval heads, divided into three jaw-like 
processes. The latter are strengthened by calcareous 
ossicles, which articulate with an ossicle contained in 
the basal part of the head, and a calcareous rod is usually 
developed in the stem. 

In the Spatangoida, when the skeleton is cleaned, its 
surface is, in many cases {Amphidotus, Brissus, Spatangus). 
marked by one or more symmetrical bands of close-set, 
* ‘ Etudes sur les Echino'idees*’ 1875. 



Fig. 143. — Amphidotus cordatus. — A. Viewed from above. B. From 
behind, a, bb. Trivium, or anterior and anterolateral ambulacra. 
oc. Bivium, or posterolateral ambulacra, d. Madreporic tubercle, 
surrounded by the genital apertures, e. Intra-petalous semita. f. 
Circum-anal semita. g. Sub-anal semita. h. Anus. i. Intra-semital 
pores of bivial ambulacra. C. Semita magnified, a. Seraital tuber- 
cles. b. Ordinary tubercles. I>. Semital spine, a. Terminal en- 
larged, non-ciliated portion, b. Ciliated stem. 
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which is clothed with a thick coat of integument, which 
suddenly enlarges at the apex (Pig. 143, D) ; long and 
cloSe-^)et cilia cover the shaft of the spine, while no such 
structures exist on the terminal enlargement. These 
bands of peculiarly modified spines are called semitce or 
fascicles, Semitce lie beneath and surround the anus in 
some genera, and are called suh-anal and ci/rcum-anal; 
others surround the outer extremities of the petaloid am- 
biilacra, and are termed peripetalous, or, when they encircle 
the inner terminations of their ambulacra, intrapetalous 
{Amphidotus) (Pig. 143, A, B). 

If we turn to the interior of the shell of the Echinidea, 
we find in the Echinoida, that ambulacral, or sometimes 
(Cida/ris) inter ambulacral, plates of the oral margin of the 
corona are produced into five perpendicular perforated 
processes, which arch over the ambulacra, and are called 
the auriculce. 

Besides these, processes are developed from the ambu- 
lacral plates in Cidaris, which form a sort of wall on each 
side of the ambulacral canal, but do not arch over it. In 
Clypeaster, similar processes form complete arches ; and 
in the flattened Clypeastroid, Scutella, the oral and apical 
walls of the corona are united together by calcareous trabe- 
culae, so that the cavity of the body is restricted to a very 
small space. 

The Spatangoida present neither AuriculcBy nor other 
internal processes. 

In the Echinidea, the oesophagus is usually distinct, but, 
beyond a caecal diverticulum in some cases, there is no 
further differentiation of the alimentary canal, which is 
disposed spirally around the walls of the corona, and 
attached thereto by a mesentery. 

In the Echinideay the oral skeleton attains its highest 
development in the so-called “ Aristotle’s lantern ” of the 
Sea-urchins (Pig. 144, B, 0, D). 

This apparatus consists of five hollow, wedge-shaped, 
calcareous pieces — the alveoli (Pig. 144, B, a), each of 
which is composed of two halves united together in the 
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middle line, while each half again consists of a superior 

Fig. 144. • 




Fig. 144. — A. Dentary apparatus of a Clypeastrid (after Muller). - a. 
Alveolus, d. Rotula. e. Tooth. B, C, £). Dentary apparatus (Aris- 
totle’s lantern) of Echinus sphccra. B. Two of the five chief com- 
ponent parts of the lantern apposed and viewed laterally. C. Lateral 
view, and D. back view of a single part. a. Principal piece of 
alveolus, a'. Suture with its fellow. 6. Epiphysis, b'. Suture of 
epiphysis with principal piece, e, Rotula. d. Radius or compass. 
e. Tooth. 
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epiphysis, and an infeiior principal portion, united together. 
Each alveolus serves as the socket for a long tooth (e), shaped 
someT^hat like the incisor of a Rodent, harder externally 
than internally, so as always to develope a sharp edge with 
wear. The tooth constantly grows from its upper extremity, 
while its lower half becomes united with the wall of the 
alveolus. The five alveoli, if fitted together, form a cone, 
the applied surfaces of which are united by strong trans- 
verse muscular fibres, while superiorly, the epiphyses of 
each pair of alveoli are connected by long radial pieces — 
the rotuloB (c) articulated with their edges. To the inner 
extremity of each rotula, finally, a slender arcuated rod, 
presenting indications of a division in the middle of its 
length, is articulated, and, running outwards parallel with 
the rotula, terminates in a free bifurcated extremity. This 
is the radius (d). 

Altogether, then, the Lantern consists of twenty prin- 
cipal pieces — five teeth, five alveoli, five rotulse and five 
radii; of which the alveoli are again divisible into four 
pieces each and the radii into two, making a total of 
forty pieces. In their normal position, it must be re- 
membered that the alveoli and teeth are interambulacral, 
while the radii and rotulse are ambulacral. Besides the 
inter-alveolar muscles already described, this complex ap- 
paratus has protractor muscles arising from the inter- 
ambulacral region of the oral edge of the corona, and 
inserted into the upper part of the alveoli; slender 
oblique muscles, with a similar origin, but inserted into 
the radii ; transverse muscles connecting the radii together ; 
and retractor muscles arising from the arches of the auri- 
culsB, and inserted into the oral ends of the alveoli. 

A similar, but less complex, oral skeleton exists in most 
Clypeastroida (Eig. 144 A), but nothing of the kind has yet 
been discovered in the Spatangoida. 

In the Echinidea, the circular ambulacral vessel lies 
between the oesophagus and the alveoli, and is usually pro- 
vided with five sacculated polian vesicles. There is a single 
inadreporic canal, membranous in Echimm, but calcareous 
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in CidariSy whicli extends nearly in the axis of the body 
from the circular vessel to the madreporic tubercle. Five 
radial vessels run up the middle of the inner surface of 
the ambulacral plates, which they reach by passing from 
the circular canal, outwards, beneath the rotulse, when 
these exist ; next, downwards, external to the inter-alveolar 
muscles; and then, outwards, through the arches of the 
auriculae : these give off branches on each side to the 
pedicels, the bases of which open into large ambulacral 
vesicles. The circular ambulacral vessel of the Spatan- 
goida has no polian vesicles, and no vesicular appendages ; 
in the Clypeasters there are many vesicular appendages, 
but no polian vesicles. In most Echinoiday all the pedicels 
are expanded into sucking-disks at their extremities, and 
are here strengthened by a calcareous plate or plates ; but, 
in Echinocidaris and some other Echinoida, the pedicels of 
the oral portion of the ambulacra ody, have this structure, 
while those of the apical portion are pectinated, flattened, 
and gill-like. Again, in the heterogeneous ambulacra of 
the Clypeastroida and Spatangoiday the forms of the pedicels 
vary much. Thus Muller distinguishes four kinds of pedi- 
cels in the Spatangoida — simple and locomotive pedicels, 
without any sucking-disk ; locomotive pedicels, provided 
with terminal suckers, and containing a skeleton ; tactile 
pedicels, with papillose expanded extremities ; and gill-like 
pedicels, triangular, flattened, more or less pectinated 
lamellse. Two or three of these kinds of feet may occur in 
any given ambulacrum, and those which lie within a semita 
are always different from the others. 

In the Clypeastroiday the petaloid portions of the ambu- 
lacra possess branchial pedicels, interspersed with delicate 
locomotive pedicels, provided with a calcareous skeleton and 
with a terminal sucker. The latter kind alone extend on 
to the oral portions of the ambulacra. 

The circumoral nerve of Echinus surrounds the oesopha- 
gus near the mouth. It has a pentagonal form, and is' 
enclosed by the alveoli, between which the ambulacral 
nerves pass, over the peristome and through the arches of 

2 P 
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tlie auriculae, to the ambulacra. Each ambulacral nerve is 
accompanied by a neural canal, which however ensheathes 
the'^nerve, and does not merely lie on its inner side.* 

The only known organs of sense in the Echinidea are the 
pigmented eye-spots,” developed in connection with the 
ends of the ambulacral nerves. 

The peritoneal space is filled by a oorpusculated fluid, 
which is kept constantly in motion by cilia distributed ovei* 
the parietes and the contained viscera. The aeration of 
this fluid appears to be facilitated in all the Echinoidu, 
except Cidaris, by five pairs of special branchial plumes 
developed from the peristome ; while, in the Clypeastroida 
and ^patangoida, which possess the modified pedicels com- 
monly termed ambulacral gills, there are no such organs. 

In the Echinidea, a circular psciid-lieemal vessel, whenc(i 
branches are given oft* to the genitalia, is said to surround 
the anus. The alimentary canal is accompanied by two 
vessels, one on the side of the mesentery (dorsal), the othei' 
on the free side (ventral), which communicate with a lacunar 
network in its walls ; and besides tliese, a fusiform body 
running parallel with the madreporic canal, and terminat- 
ing inferiorly in a circular vessel which lies close to the 
circular ambulacral vessel, around the oesophagus, has been 
described as a ‘ heart.’ f 

The genital organs are sacculated glands, which attain a 
large size in the breeding season, and open externally by 
the pores on the genital plates, through which their pro- 
ducts are extruded. Hoft'mann has found the peritoneal 
fluid of the males full of spermatozoa. 

In the Echinidea, as in the Ophiuridea, the Echinop^edium 
is a Pluteus, and has a skeleton foimed of calcareous rods, 

* TeuBcher, 1. c. the latter, both intestinal vessels 

t According to Hoffmann’s open directly into the circular 
latest investigations, there is ambulacral vessel, and what has 
neither anal nor oesophageal been described as a heart is really 

circular vessel \n Spntangus and the madreporic canal (“ IJebcr das 

Echinus, In the former a dis- 131 t.tgefiiss-sy stem der Echini- 
tinct anastomotic trunk connects den,” ‘ JNiederlandisches Archiv, 
the intestinal vessels with the Bd. i.). 
oircular ambulacral vessel. In 



THE DETELOPMBNT OP THE ECHINIDEA. 679 


Pig. 145. 



Fig. 145.— Development of an (After Muller.)— A. Echino- 

psedium of Echinuft pulchellus in the gastrula stage. B. Fully de- 
veloped Echinopsedium (Pluteus) of the same species ; a, mouth ; 
6, stomach and intestine ; c, anus ; A F, processes of the bo^ into 
which prolongations of the internal skeleton extend. C. The 
Echinopeedium of an Echinid in which the Echinoderm is so fai 
advanced the spines, pedicels, and pedicellarioc are visible. D. 

2 P 2 
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Echinopsedium of Echinus Jimtius: a, mouth; a* gullet r stomach; 
b\ intestine ; c, rudimentary Echinoderm ; c\ the amoulacral sac ; 
c", the external opening of its duct ; a o, /*/, B, the processes of 
the body. 

which support the processes into which the body, in the 
region of the ciliated bands and elsewhere, is prolonged. 

The origin of the ambulacral system, before it has the 
form of a caecum with a dorsal pore, has not been made out. 
The blind end of this caecum lies on the left side of the 
alimentary canal, and is connected with a discoidal body, 
which is situated on the left side of the stomach ; a similar 
body appears on the right side. Doubtless these discoidal 
bodies answer to the peritoneal diverticula of the alimen- 
tary canal of the EchinopaBdium in other Echinoderms. 

The blind end of the tube enlarges, and gives rise to a 
rosette, whence the ambulacral vessels proceed; and a 
depression of the integument of the larva, forming the 
so-called umbo, extends inwards to this. At the bottom 
of the umbo, a new month opens through the centre of 
the rosette into the gastric cavity of the larva, the primitive 
oesophagus being abolished. The larval skeleton undergoes 
resorption, but the rest of the Echinopsedium passes into 
the Echinoderm.* 

Loven has recently drawn attention to the fact that, in 
young EchmidB,t the plates of the apical region are not 
only more conspicuous in relation to the corona, but differ 
somewhat in their arrangement, from those of the adult. 
Thus the anus is at first wanting, and the anal plate, which 
occupies the centre of the apical area, is relatively large ; 
it is united by its edges with the five plates, which, im- 
perforate in the young, will become the genital plates in the 
adult. The five ocular plates are also imperforate, and 


* See, in addition to the me- 
moirs Of Miiller and Mefschnikoff 
already cited, A. Agassiz, “ On the 
Embryology of Echinoderms.’* 
Mem. American Academy of 
^ie«oeA* 1864.) 
t The admirable monograph of 


A. Agassiz, ‘Revision of the 
Echini,* published in the ‘Illus- 
trated Catalogue of ^e Museum 
of Comparative Zoolo^ at Har- 
vard College,* is also full of in- 
formation reacting the young 
otekeaof the ttohhdSi. 
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are disposed in a circle outside that formed by the genital 
plates, their inter-spaces being occupied by interambu- 
lacral plates. The apical region of an Echinid has thus, as 
Loven points out, a most striking resemblance to the calyx t 
of a Crinoid ; the anal plate representing the basalia ; tiie I 
genital plates, the parahasalia ; and the ocular plates, the | 
first radialia. 

The Crinoidea. — This remarkable group, which 
abounded in former periods of the world’s history, is 
represented at the present day only by the genera Antedon 
(Comatula), Actinometra, Comaster ^ FentacrinuSf Bhizocrinus 
and Holopus. 

The first three genera are capable of locomotion, while 
the next two are attached by long articulated stems to 
submarine bodies. Holopus, which is but imperfectly 
known, appears to be fixed by a short thick unjointed 
prolongation of its base. 

Bhizocrinus lo/otensis (Fig. 146), which has been very 
carefully and elaborately described by Sars,* is a small 
animal which does not attain more than three inches in 
length, and lives at great depths (100-300 fathoms or more) 
in the sea. It consists of a relatively long, many-jointed 
stem, from many of the articulations of which, branched, 
root-like filaments, or cirri, are given off ; at the summit of ^ 
this is seated a cup-shaped body, the calyx, from the margins j 
of which 5-7 arms (brachia) radiate. To each arm is, 
attached a double series of alternating pinnulm, Thej 
mouth is situated in the centre of that part of the perisoma 
which forms the surface of the calyx opposite to the stem. 
The oral aperture is circular, but five (or sometimes only 
four) triangular lobes of the perisoma, with rounded free 
ends, project over it, and, when shut, close it like so many 
valves. From the intervals between these oral valves five 
(rarely four) grooves traverse the oral surface of the calyx, 
and extend thence throughout the whole length of each 
arm, giving offsets as they go to the pinnules. Thus the \ 
* ^ M^moires pour servir a la coimaissance des Crinoides vivautSi* 1868. 
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oral surface of eacli arm and of each pinnule is deeply 
excavated. 

Between the circular lip and the oral valves, soft flexible 
tentaculiform pedicels are attached in a single series. Two 
pairs of pedicels correspond to every valve, each pair arising 
opposite the basal angle of a valve. These pedicels are 
hollow, their surface is papillose, and the outer or radial 
pedicel of each pair is very contractile. Pedicels of the 


Fig. 146. 



Fig. 146. — Rhizocrinus lofotensis. (After Sars.) 

I. Rhizocrinus entire ; o', enlarged upper joint of the stem ; 6, larval 
joints of the stem ; c, cirri ; rf, brachia. 

II. Calyx and arms, with the summit of the stem of a Rhizocrinus 
having five well-developed brachia ; a, as before ; first radiuls ; 
r®, r*, second and third radials ; first brachial ; jo, p, pinnules. 

III. Upper part of the stem and oral face of the calyx, viewed 
obliquely ; r, lower part of visceral mass ; «, tentacular grooves ; 
o, oral valves ; f, oral tentacles ; an, anus. 

same general character are continued throughout tbe 

brachial and pinnular grooves. 

' The anus is situated at the end of a conical prominence 
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between two of the grooves on the oral face of the calyx, 
and is therefore intet radial in position (Fig. 146, III. an). 

The skeleton consists of very numerous pieces resulting 
from the calcification of the perisoma. In the stem they 
have the form of elongated, subcylindrical, or hourglass- 
shaped, joints {articuli), the opposed faces of which are, 
united by strong elastic ligamentous fibres. The centre of ; 
each is traversed by a longitudinal axial canal, which ex- 
tends through the whole length of the stem and is occupied 
by a soft but solid substance. The distal joint of the stem 
is not directly fixed to the surface to which the Crinoid is 
attached, but is connected therewith by the branched cirri 
which proceed from it. Each cirrus has a skeleton com- 
posed of joints or articuli, somewhat like those of the stem 
and traversed by a prolongation of the axial canal. Similar 
cirri are developed from a larger or smaller number of the 
articuli of the distal portion of the stem. 

The proximal joints become gradually shorter in pro- 
portion to their length, until they assume a discoidal form. 
It appears that new articuli are continually added at that 
end of the stem which lies nearest the calyx. 

The summit of the stem, or the base of the calyx, is 
formed by an enlarged, solid, pear-shaped ossicle, which is 
probably formed by the coalescence of several articuli. 
Upon this follow five pieces (first radialia) closely united 
together and with a central piece, which probably represents 
the basalia of other Orinoids. The first radial corresponds 
in direction with the origin of one of the arms, and is 
followed by a second and third radial. With the third 
radial is articulated the i^rst of the brachial ossicles, which 
constitute the skeletal support of the unbranched brachia. 
The pinnules are also supported by a series of elongated 
calcified joints, the basal joint being articulated with a 
brachial ossicle and the distal joint pointed. 

The axjal canal dilates in the enlarged pyriform ossicle j 
above-mentioned ; and, from the dilatation, branches, which 
traverse the radial and the pinnular ossicles, are given off. 
There is a calcareous plate in the substance of each oral 
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valve, and minute reticulated calcifications are scattered 
througli the perisoma of the oral face of the disk. 

The sides of the radial grooves are provided throughout 
with a double series of oval calcareous plates — the marginal 
lamellcB — which are disposed transversely to the groove, 
those of opposite sides alternating with one another. They 
can be erected or depressed ; and, in the latter case, overlap 
one another like tiles. 

In Fentacrinus, the long stem is fixed by its distal end, 
and the pentagonal articuU of its skeleton give ofi*, at 
intervals, whorls of unbranched cirri. No distinct basal 
piece is known, but the calyx appears to begin with the 
five first radialia. At the third radiale, the series bifurcates 
into two series of hrachialia, and these again bifurcate 
to give rise to the palmaria^ which support the free arms. 
There are marginal lamellae along the sides of the tentacular 
grooves, and a longitudinal series of calcareous ossicles 
occupies the floor of each groove. The anus is situated 
upon an elevated interradial cone. 

The body of an adult Comatula {Antedon) answers to 
the calyx, with its brachia, in other Orinoids. 

The centre of the skeleton is constituted by a large 
centrO’dorsal ossicle, articulated with the aboral face of 
which are the numerous cirri, by which the Antedon ordi- 
narily grasps the bodies to which it adheres, though it is 
able, on occasion, to swim freely about. This centro-dorsal 
ossicle appears to be the homologue of the uppermost 
pai*t of the stem in the Fentacrinus. There are five 
divergent series of radialia, each containing three ossicles. 
The first radials, or those nearest the centro-dorsal plate, 
are closely adherent to one another and to the centro-dorsal 
plate, and are not visible on the outer surface of the calyx. 
The space left between the apices of the five first radials is 
occupied by a single plate, the rosette,* which is formed by 
the coalescence of the five hasalia present in the larva. 

The anatomy of the soft parts of the Crinoidea has 

• Carpenter, ‘ On the Structure, Physiology, and Development of 
Comatula* (k'hil, Trans. 1860.) 
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been most tborougbly investigated in the genus Comatula 
{Antedon)* 

The mouth leads, by a short, wide gullet, into a spacious ' 
sacculated alimentary canal, which is coiled upon itself 
in such a manner as to make about one turn and a half i 
around the axis of the body ; and then terminates in the 1 
projecting rectal cone which, as has already been seen, 
is situated interradially, on the oral face of the calyx. 
The central cavity, included by the coil of the alimentary 
canal, is occupied by a sort of core of connective tissue, and 
has received the name of columella, but it must be under- 
stood that it is not a distinct structure. Bands of con- ' 
nective tissue connect the outer periphery of the alimentary 
canal with the perisoma. 

The five tiiangular lobes of the perisoma, which surround 
the mouth like so many valves, contain no calcareous 
skeleton in the adult Antedon. Within these lobes, attached 
to the oral membrane, there is a circle of tentacula. From 
the interval between each pair of oral valves, a groove 
radiates outwards over the surface of the calycine perisoma 
and speedily bifurcates; one branch goes to the oral 
surface of each of the arms and runs along it to its ex- 
tremity, giving off alternate lateral branches to the pinnules 
in its course. 

These grooves are the ambulacral grooves. Their sides 
are, as it were, fenced by small lobed processes of the peri- 
soma ; and, on the inner sides of these processes, groups 
of minute pedicels take their origin fi’om the sides of the 
floor of the groove. A thickened band of the ectoderm 
occupies the middle of the floor, and so strikingly resembles 


* E. Perrier, “ Recherches sur 
I’Anatomie de la Comatu/a 
rosacea’’ (‘Arch, de Zoologie 
Experiraentale,’ 1873). Semper, 
“Kurze anatomische Bemerkun- 
gen iiber Comatula” (‘ Wurzburg 
Arbeiten,’ 1874). Ludwig, “ Zur 
Anatomie der Crinoideen ” 
(* Zeitschrift fiir Wiss. Zool.' 
1876). Carpenter “ On the Struc- 


ture, Physiology, and Develop- 
ment of Antedon” (‘ Proc. Royal 
Society,’ 1876). Greef, “ITeber 
den Bau der Crinoideen” (‘ Mar- 
burg Sitzungsberichte,’ 1876). 
P. H. Carpenter, “Remarks on 
the Anatomy of the Arms of the 
Crinoids ” (‘Journal of Anat. and 
Physiology,' 1876). 
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i the ambulacral nerve of the Star-fish, that the homology of 
jthe two, first asserted by Ludwig,* cannot be doubted. 
I Immediately beneath it runs a small canal, discovered by 
Dr. Carpenter, and termed by him the tentacular canal, 
which gives off lateral branches to communicate with the 
cavities of the pedicels. A second much wider canal — the 
suhtentacular canal — lies beneath this, and is divided by a 
longitudinal septum. But the septum is incomplete at 
intervals, and thus the two canals communicate. A third, 
still larger, coeliac canal, is interposed between the floor of 
■ the suhtentacular canal and the axial skeleton of the arm. 

Where the arm joins the calyx, the tentacular canals run 
beneath the ambulacral groove to the gullet, around which 
they are united by a circular canal, from which numerous 
short diverticula, resembling the vasa amhulacralia cavi 
in the Ophiurids, described by Simrock (l.c.), depend. 
The suhtentacular and cceliac canals communicate with 
channels in the perivisceral tissue, on the oral or the aboral 
face of the visceral mass ; and these channels appear, 
eventually, to open freely into the cavities by which the 
columella is traversed. 

In the partition between the suhtentacular and the 
coeliac canals there lies a cellular cord, or rachis, which can 
be traced back into a reticulation of similar tissue in the 
visceral mass. The genital glands, contained in the pin- 
1 nules, are enlargements of lateral branches of this rachis. 
But the rachis is apparently only an extension of the 
mesodermal tissue of the visceral mass, comparable to that 
in which the genitalia are lodged in the Star-fishes ; and 
the multiplication of the genital glands may be regarded 
as a further extension of the structure which obtains in 
Brisinga. Thus it would seem that the position of the 
genital glands in the Crinoids is not so anomalous as it at 
first appears to be. 

The centro-dorsal tubercle contains a cavity, with which 
the canals which traverse the ossicula of the cirri, the 
calyx, the bi’achia and the pinnules communicate. This 
* * Zeitschrift fiir Wise. Zool.,’ 1876. 
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cavity was considered by Muller to be a heart. It proves, \ 
however, to be largely filled by solid tissue, which is con- 1 
tinned not only into all the canals which traverse the ' 
ossicula, but also into the columella, or tissue which ' 
occupies the centre of the coils of the alimentary canal. 

Dr. Carpenter * is of opinion that so much of this axial 
tissue as occupies the cavity of the central tubercle, and is 
continued throughout the ossicula of the calyx and arms, 
is the proper central organ of the nervous system ; found- 
ing this opinion partly upon the fact that, when this mass 
is irritated in a living Antedon, a sudden contraction of all 
the muscles of the arms takes place ; and partly upon the 
distribution of the ultimate ramifications of the axial 
tissue in the arms. Greef, on the contrary,t affirms that 
all these tracts can be injected, and retains the name of 
‘ heart * for the cavity of the centro-dorsal tubercle. 

The perisoma of the oral surface of Covtiatula exhibits a 
great number of minute circular pores, with thickened 
cellular margins. Greef has discovered that these are the 
external apertures of canals, with ciliated walls, which 
open into the body cavity, and readily allow fluids to pass 
into, or out of, that cavity. 

Each mature ovary of Antedon has a distinct aperture, 
through which the ova are discharged, and to which they 
adhere for some days like bunches of grapes. The testis 
developes no special aperture, but the spermatozoa appear 
to be discharged by dehiscence of the integument. 

Since the discovery by Vaughan Thompson that Coniatnla 
passes through a Pentacrinoid larval condition, the develop- 
ment of the free Criiioids has been the subject of various 
investigations, J and the following results may be regarded 
as established. 

Complete yelk-division takes place. The morula ac- 

* ‘ Proceedings of the Royal Trans.’ 1665), Metschnikoff 

Society,’ 1876. C Bulletin de I’Acad. Imp. des 

t “Ueber das Herz der Cri- Sciences de St. Petersbourg,’ 

noiden” (‘Marburg Sitzungs- lb71), and especially Gotte 

berichte,’ 1876). (‘ Archiv fiir Mikroskopische 

J See Wyville-Thomson (‘ Phil. Anatomie,’ 1876). 
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quires an oval form, and developes four hoop-like bands of 
cilia, with a tuft of cilia at the hinder end. Between the 
third* and fourth bands of cilia, counting from the anterior 
end of the Echinopaedium, the blastoderm becomes in- 
vaginated, and gives rise to an archenteron. In the in- 
terspace between this blind sac, the wall of which is the 
hypoblast, and the epiblast, constituted by the rest of the 
blastoderm, a mesoblast composed of reticulated cells 
makes its appearance. The blastopore closes, while the 
archenteron detaches itself from its attachment to the 
posterior ventral face of the larva, and becomes connected 
with an oesophageal involution formed at its anterior end. 
The archenteron next throws out three diverticula, of which 
two are lateral, and one is ventral. The lateral diverticula 
enlarge, and apply themselves to the rest of the archenteron, 
now become the intestine, from which they are soon com- 
pletely shut off, and converted into peritoneal sacs. The 
left sac thus formed lies on the ventral side of the intestine, 
the right sac on its dorsal side. The walls of the two sacs 
become applied together, and form a circular mesentery. 
The peritoneal sac of the aboral side sends a process into 
the hinder end of the body, which has begun to elongate, 
in order to give rise to the stem of the Pentacrinoid form. 

The third, or ventral, diverticulum is shut off from the 
alimentary canal much later than the other two. It grows 
round the mouth, and gives rise to the circular ambulacral 
vessel, whence the tentacular canals are given off. 

Ten plates, each consisting of a calcareous network and 
arranged in two rows of five each, next appear in the 
substance of the Echinopaedium around the alimentary 
canal. From the centre of the posterior row, eight calcareous 
rings extend through the length of the body of the larva, 
enclosing the backward prolongation of the aboral peri- 
toneal sac ; and the series terminates by a broad discoidal 
network which lies on one side of the posterior end of the 
larva. This discoidal plate is that which occupies the 
attached end of the stem of the future Orinoid ; the rings 
become the stem, and the two circles of plates the basal 
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and oral ossicula of tlie calyx, respectively. As tlie stem 
elongates, new rings (articuli) are added at the junction of 
the stem with the calyx. 

The larva now fixes itself by the discoidal end of its 
stalk, which becomes relatively longer and narrower ; while 
the part of the body which contains the basal and oral plates, 
and is to be converted into the calyx, remains thick and 
short. Its broad end becomes five-lobed, each lobe answering 
to an oral plate. These plates separate like the petals 
of a flower bud, and discover, in the centre, the wide per- 
manent oral aperture. Between the margins of this and 
the oral plates, tentaculiform pedicels, at first only five, 
but eventually arranged in groups of three, between eveiy 
pair of oral plates, make their appearance. 

The alimentary cavity is still a mere sac, without intestine 
or anus. 

Five radial plates next appear in the wall of the calyx 
between the basal and the oral plates, and alternating with 
both; and, in correspondence with them, the arms grow 
out as rapidly elongating processes, in which the other 
radials are successively developed. The entire zone of the 
calyx, which is occupied by the origins of the arms, at 
the same time widens, so that the oral plates, which remain 
round the mouth, and the basal plates, which encircle the 
stem, become widely separated. The intestine gi’ows out 
as a diverticulum of the alimentary cavity and opens 
on an inteiTadial elevation of the calyx, in which an anal 
plate is developed. The young Echinoderm has now 
passed into the stalked Pentacrinoid stage. 

In Comatula, the oral and anal plates disappear altogether, 
and the basals coalescing into the rosette, are hidden by 
the first radials, on the one hand, and the centro-dorsal 
tubercle, which represents coalesced joints of the stem, on 
the other. The arms bifurcate and acquire their pinnules ; 
and the calyx, with its appendages, eventually becomes 
detached from its stem as a free Comatula, In the exist- 
ing stalked Crinoids, such as Pentacrinus, on the other 
hand, the segments of the stem acquire whorls of cini, ai 
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intervals, and no such modification of the uppermost seg- 
ments into a centro-dorsal tubercle takes place. 

On comparing the facts of structure and development 
which have now been ascertained in the five existing 
groups of the Echinodermata, it is obvious that they are 
modifications of one fundamental plan. The segmented 
vitellus gives rise to a ciliated morula, and this, by a 
process of invagination, is converted into a gastrula, the 
blastopore of which usually becomes the anus. A mouth 
and gullet are added, as new formations, by invagination of 
the epiblast. The embryo normally becomes a free Echi- 
nopsedium, which has a complete alimentary canal, and is 
bilaterally symmetrical. The cilia of its ectoderm dispose 
themselves in one or more bands, which surround the body ; 
and, while retaining a bilateral symmetry, become variously 
modified. In the HolotMiridea, Asteridea, and Crinoidea, 
the larva is vermiform, and has no skeleton; in the 
Echinidea and the OpJduridea it becomes pluteiform, and 
developes a special spicular skeleton. 

If an Echmopa3dium were to attain reproductive organs, 
and reproduce its kind, I think that it cannot be doubted 
that its nearest allies would be found among the Turhellaria, 
the Botifera, the Gephyrea and the Enteropnensta* But 
that which characterises the Echinodermata is the fact 
that the alimentary canal of the Echinopaedium gives 
rise to an enterocoele, which again is subdivided into two 

* In a report upon the ‘He- to the Echinoderms, that the 

searches of Prof. Muller into the Hydriform Polypi hold to the 

anatomy and development of the Medusae,’ and that they ‘ connect 

Echinoderms,’ published in the the Echinoderms with the Ne- 

* Annals of Natural History ’ for matidae and the Nematoid 

July 1851, I drew attention to Worms.’ When they were pub- 

the affinities of the Echinoderms lished, those who did not ignore 

with the Worms; and in a paper these views, ridiculed them, 

on Lacinularia socialis^ read be- Nevertheless, though somewhat 

fore the Microscopical Society in crudely expressed, I think it will 

the same year, I expressed the be admitted they have been sub- 
view that the Rotijera ‘are the stantiallyjustified by the progress 

permanent forms of Echinoderm of knowledge during the last 

larvae, and hold the same relation quarter of a century. 
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systems of cavities, one ambulacra! and the other peritoneal, 
and that the mesoblast becomes modified in accordance 
with the arrangement of these systems. The entefocoele 
may be formed by one diverticulum or by three. In the 
former case, the first formed becomes subdivided into three, 
of which one is anterior, and two lateral, as in the latter 
case. The lateral diverticula give rise to the peritoneal 
cavity and its lining : the median diverticulum is converted 
into the circular ambulacral vessel and its dependencies ; 
and it is in consequence of the radiating disposition of the 
latter, and of the nerves and muscles which are related to 
it, that the Echinoderm jjossesses so much radial symmctiy 
as it displays. It is clear, therefore, that the radial sym- 
metry of the Echinoderm results from the secondary modi- 
fication of an animal, which is primitively bilaterally 
symmetrical ; and that the apparently radiate Echinus or 
Star-fish is a specially modified ‘ Worm,’ (using that term 
in its widest sense) in the same sense as the apparently 
radiate Coronula is a modified Arthropod. 

Haeckel goes further than this, and supposes that each ray 
of a Star-fish or Ophiurid, for example, represents a Worm, 
and that the Echinoderm consists of coalesced vermiform 
buds, developed in the interior of the Echinopajdium. I 
must confess my inability to see that this hypothesis is 
supported by valid reasons. On the contrary, the more 
closely one compares the structure of the ray of an Echino- 
derm with the body of any known Annelid, the more 
difficult does it appear to me to be to find any real likeness 
between the two. 

In order to find any analogy for the production of the 
Echinoderm within the Echinopajdium, on the contrary, it 
appears to me that we must look to the lower and not to 
the higher morphological types. Among the Hyd/rozoa, 
nothing is commoner than the distribution of the functions 
of life between two distinct zooids, one of which alone 
developes reproductive organs. In the former, the hydranth^ 
radial symmetry is often hardly discernible [e.g. Calyco- 
phoridoe) ; in the latter, the medusoid, it is veiy marked, 
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and especially characterises the arrangement of the gastro- 
vascnlar canals; which are offshoots of the alimentary 
cavity, and if they became shut off therefrom, would answer 
to the enterocoele of the Echinoderm. 

Suppose that from a hydranth such as that of a Diphyes, 
a medusoid were developed, and that instead of projecting 
from the exterior of the body, it remained hypodermic, 
spreading out between the ectoderm and the endoderm of 
the hydroid, and consequently superinducing a very 
marked radial symmetry upon it. The resulting form 
would give us a Coelenterate which would be a close analogue 
of an Echinoderm. 

In a certain sense, an Actinozoon may be fairly regarded 
as such a combination of a hydroid with its medusoid ; and, 
hence, it must be conceded that the parallel between the 
gastro- vascular system of the Ctenophora and the ambu- 
lacral system of the Echinoderms, instituted by the elder 
Agassiz, was well worthy of consideration. Shut off the 
gastro-vascular canals of a Cydippe from the alimentary 
canal, and they become an enterocoele, of which the pro- 
longations along the stomach may be compared with the 
peritoneal sacs, and those beneath the paddles with the 
ambulacral vessels of the Echinoderm. 

But there is a long step between the admission of the 
force of these analogies, and the conclusion that the 
Echinoderms and the Coelenterata are so closely allied as 
to be properly associated in one natural assemblage of 

Radiate ” animals. On the contrary, the Echinoderm, by 
its Echinopsedium stage, shows an advance in organisation, 
far beyond anything known in the Coelenterata ; and in the 
highly characteristic mode of development of its enterocoele 
(the elucidation of which in the Star-fishes by Prof. A. 
Agassiz, is the most important advance in our knowledge 
of the Echinodeims made since the time of Muller), the 
Echinoderm agrees with the higher, and not with the lower 
Metaxoa. 

JlkMnodermata abound in the fossil state. Calcareous 
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plates, referred to tlie Holothuridea, occur in the mesozoic 
rocks, but are not known earlier. The Star-fishes are met 
with in the older Palaeozoic strata, under forms very similar 
to some of those which now exist. The Echinidea abound 
from the Upper Silurian (Palcechinus) onwards. The Palaeo- 
zoic forms are spherical, and have multiple interambulacral 
plates and simple ambulacra. Echinidea of the modem 
type appear in the Mesozoic strata, the Echinoida first; 
while the Spatangoida and Clypeastroida are of later date. 
This order of occurrence agrees with the embryonic develop- 
ment of the two latter groups, which are more nearly 
spherical when young than subsequently. 

The Crinoidea abound in the PalaBozoic and older Mesozoic 
rocks, gradually diminishing in number in later formations. 
The oldest appear to have all been stalked, and of peculiar 
and extinct types. 

Three gi'oups are wholly extinct, and are unknown in 
strata newer than the Carboniferous formation. These are 
the Cystidea^ the Edrioasterida, and the Blastoidea. 

The Cystidea. — In their general characters the Cystidea 
come very near the Crinoids. Cryptocrinus, the simplest 
form of the group, possesses a calyx supported on a 
stem, and composed of five basalia, five parabasalia, and 
five radialia. An inter-radial aperture is surrounded 
by a cone of small plates, termed the pyramid. The 
antambulacral surface has no pores, but these were 
present in other genera, and sometimes are scattered 
irregularly {Caryocrinus) ; sometimes disposed in pairs 
{Spheeronites) ; while sometimes they take the form of 
parallel slits arranged in “ pectinated rhombs.” The arms 
were free {Comarocystites). or recurved and closely applied 
to the calyx. They bore pinnules, which, in consequence of 
the non- development of the arms, were sometimes sessile on 
the radialia. In the species with recurved arms, the latter 
simulate calycine ambulacra. There is an aperture placed 
in the centre of the calyx at the point of convergence of 
the ambulacra ; another small one on one side of this ; 
and, thirdly, the aperture of the pyramid. The &*jt of 

2 Q 



{>^4 THE ANATOMY OE INVEBTEBEATED ANIMALS. 

these is commonly regarded as the mouth, the second as 
the anus, the third as the reproductive aperture. 

The Cystidea would, on this' interpretation, differ from all 
other Echinodermata, except the Edrioasterida and Holo* 
thwridea, in the genital outlet being single ; but around the 
central aperture five pores are seen, in some species at least, 
to which a genital function has been ascribed. In any case, 
the Cystidea would appear to come very close to the Crinoidea. 

The Edeioasterida. — This group contains several 
genera of extinct Echinoderms (Edrioaster^ Agclacrinites, 
Hemicy stiles), which, in general form, somewhat resemble 
what the Asterid Goniaster would be if its angles were 
rounded off. Like the Cystidea, they possess an interam- 
bulacral pyramid, but they differ from them in that they 
have ambulacra perforated by canals which open directly 
into the cavity of the calyx, and that they possess no arms. 
The Edrioasterida have no stem, but seem to have been 
attached by the aboral face of the body. 

The Blastoidea. — In Pentremites, the representative of 
this order, the ambulacral and antambulacral regions are 
nearly on an equality : the body is prismatic or subcylin- 
drical. The pedunculated calyx is composed of three basal 
plates, two of which are double. The aboral plates receive 
in their intervals five plates deeply cleft above. In the 
clefts lie the apices of the ambulacra, the oral portions of 
which are included between the five deltoid inter-radial 
pieces which surround the mouth. The cleft plates are not 
radials, but portions of the perisomatic skeleton of the aboral 
region. SuiTounding the central, probably oral, apei’ture 
are four double pores, and a fifth divided into three. The 
median of these three seems to be anal, the others and the 
paired pores being genital. Each ambulacrum is lanceolate 
in form, and presents superficially a double row of ossicles, 
which meet in the middle line and support pinnules at 
their outer extremities ; beneath them lies a single plate, 
perhaps the homologue of the vertebral ossicles in the Ophiv>‘ 
ridea ; beneath it again are parallel canals, the nature of 
which is unknown. 
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CHAPTER X. 

THE TUNICATA OR ASCIDIOIDA. 

This remarkable and, in many respects, isolated group of 
marine animals contains both simple and composite, fixed 
and free organisms. Xone attain a length of more than a 
few inches, and some are minute and almost microscopic. 

The simplest members of the group, and those the struc- 
ture of which is most readily comprehensible are the Appen- 
diculariae ; minute pelagic organisms, which are found in all 
latitudes, and are propelled like tadpoles, by the flapping 
of a long caudal appendage at the surface of the sea. 

Appendicularia flabellum (Fig. 147) has an ovoid or flask- 
shaped body (A), one-sixth to one-fourth of an inch in length. 
The appendage (B) is from three to four times as long as the 
body, to one face of which it is attached near, but not at, 
the posterior extremity. It is flattened, and is supported 
by a firm central axis, which may be termed the urochord 
(Fig. 147, T). The greater part of the body is usually in- 
vested by a structureless gelatinous substance, but, on its 
rounded hinder extremity, this ceases to be distinguishable 
from the ectoderm. 

On the caudal appendage the polygonal contours of the 
cells of which the ectoderm is composed, are plainly dis- 
cernible. 

The mouth has an overhanging lip. It leads into a 
large pharyngeal sac, the walls of which are formed by the 
endoderm. Posteriorly, this sac narrows into the oesophagus, 
which bends towards the haemal side of the body, and then 
opens into a spacious stomach, which takes a transverse 
direction and is divided into two lobes, a right and a left. 

2 Q 2 
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Prom the left lobe, the intestine arises; and, bending 
inwards, turns abruptly forwards in the middle line, where it 
terminates midway between the oral aperture and the 
attachment of the caudal appendage. The intestine there- 


Fig. 147. 



Fig. 147. — Appendicularia ftahellum. 

I. — The entire animal with the caudal appendage in its ordinary 
position, or turned forwards. 

II. ~Side view of the body, with the caudal appendage forcibly bent 
backwards. 

A, the body ; B, the caudal appendage ; a, oral aperture ; 6, the 
pharynx ; c, an atrial opening ; rf, the corresponding stigma, with its 
cilia ; e, anus ; /, rectum ; p, oesophagus ; h, i, stomach ; A, testis ; 
/, urochord ; wi, cellular patch at the side of the oral end of the body ; 
n, endostyle ; /?, ganglion ; q, ciliated sac ; r, otocyst ; posterior 

nerve with its ganglia, t ; en, endoderm ; e c, ectoderm. 

fore has a haemal flexure. In the middle of its haemal 
aspect the endoderm of the pharyngeal cavity is raised into 
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a fold, wliicli projects into the blood cavity contained 
between the endoderm and ectoderm. The walls of the 
bottom of the fold are thicker than the rest, so that, 
viewed sideways, it has the aspect of a hollow cylinder. 
This is the endostyle* (Fig. 147, n.) 

The endoderm of the pharynx is ciliated, and the cilia 
are especially large over a narrow tract, or peripharyngeal 
hand, which encircles the oral aperture at the level of the 
anterior end of the endostyle, and is continued back, as a 
hypopharynyeal hand, along the middle of the neural face 
of the pharynx to the oesophageal opening. 

On each side of the endostyle, the posterior part of the 
haemal wall of the pharynx presents two oval apertures or 
stigmata (Fig. 147 d), encircled by cells, which are provided 
with very long and active cilia. Each stigma leads into a 
funnel-shaped atrial canal, the open end of which termi- 
nates beside the rectum. f (Fig. 147, c.) 

The heart is a large sac, which exhibits rapid peristaltic 
contractions, and is placed transversely between the two 
lobes of the stomach. In the species which I observed no 
blood corpuscles could be seen, and the direction of the 
pulsations of tbe heart was not reversed at intervals, as 


* So described and named in 
my “ Observations upon the 
Anatomy and Physiology of Sal- 
pa and Pyrosoma, together with 
remarks upon Doliolum and 
Appendicularia.” (Phil. Trans. 
1851.) In 1856, however, I stated 
“ With regard to the endostyle, 1 
have nothing important to add to 
my previous account, e.xcept that 
I believe it to be here, as in other 
ascidians, the optical expression 
of the thickened bottom ot ^ a 
fold or groove of the branchial 
sac.” (‘ Quarterly Journal of 
Microscopical Science,’ April, 
1856.) In my memoir on Pyro- 
soma (Linn. Trans. 1860, p. 205) 
the endostyle is stated to be “ in 
reality a longitudinal fold or 

middl nf thp 


haemal wall of the pharynx, 
w hich projects as a vertical ridge 
into the htemal sinus, but re- 
mains in free communication 
with the pharynx by a cleft upon 
its neural side.” 

t These stigmata were first de- 
scribed by Gegenbaur (“ Bemer- 
kungen fiber die Organization der 
Appendicularien ; ” Zeitschrift 
ffir Wise. Zoologie, 1855), who 
supposed that they communicateil 
with canals of the interior of the 
body. However, by feeding JIjj- 
pendicularut with indigo, I demon- 
strated the communication of 
these stigmatic funnels with the 
exterior of the body. (‘ Quar- 
terly Journal of Microscopical 
Science,’ l.c.) 
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it is in the Ascidians in general. M. Fol,* however, states 
that, in other Appendicularioe, the reversal of the con- 
tractions of the heart takes place. Like myself he has 
been unable to discover any blood corpuscles. There are no 
distinct vessels, but the colourless fluid which takes the 
place of blood makes its way through the interspaces 
between the ectoderm and endoderm and the various 
viscera. 

The nervous system consists of a ganglion (Fig. 147, p) 
situated nearly opposite the anterior end of the endostyle ; 
in front, this gives off the nerves to the sides of the mouth, 
while, behind, it is continued into a long cord (s), which 
runs back beside the cesophagus, and between the lobes of 
the stomach, to the base of the appendage. It then passes 
along one side of the urochord to its extremity, giving off 
nerves at intervals. At the origins of these nerves aggre- 
gations of ganglionic cells are situated (Fig. 147, t)» The 
most anterior of these ganglia is the largest.f 

A rounded otocyst containing a spherical otolith is 
attached to the ganglion, and a small ciliated sac, which 
opens into the pharynx, is in close relation with it (Fig. 147, 
r, q), M. Fol describes a number of fine tactile seta) 
situated around the oral aperture. 

The urochord, which constitutes the axial skeleton of 
the appendage, is transparent, rounded at each end, and 
bounded by a delicate membrane. The remains of the cells 
of which it is composed are to be seen in it, here and 
there, as ramified corpuscles lodged in its periphery. 

The only muscles hitheiiio observed in Appendicularia 
are two sheets of striped fibres interposed between the 
urochord and the cellular ectoderm of the appendage. 

The reproductive organs occupy the rounded projection 
formed by the posterior part of the body behind the 


♦ ‘ Etudes sur les Appendicu- 
laires,* 1872. 

* Quarterly Journal of Micro- 
seopioal Science/ 1856, pp. 8, 9. 
M. Fol, who finds the same 
arrangement in other Appendix 


cularicBy counts this as the second 
ganglion of the nervous system, 
and states that a fine canal tra- 
verses both the ganglia and the 
longitudinal nerve. 
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digestive canal. The testis (Fig. 147, Jc) is a large cellular 
mass which fills the greater part of the cavity of this pro- 
jection in the adult. When fully formed, it is resolved into 
spermatozoa with rod-like heads about yg^j^th of an inch 
long and very fine filiform tails. They escape by the 
dehiscence of the testis. 

I have never met with AppendicularicB containing ova, 
nor do any other observers, except M. Fol, appear to have 
been more fortunate. The latter, however, states that these 
animals are hermaphrodite {Oikopleura dioica apparently is 
dioecious), and that the ovary is developed later than the 
testis.* 

Two singular rounded patches of a cellular structure (Fig. 
147, II. m) are interposed between the ectoderm and the 
endoderm on each side of the anterior end of the endostyle. 
Similar bodies occur in other Ascidians, but their function 
is unknown. 

One of the strangest peculiarities of the Appendicularioe 
is the power which they possess of excreting from the surface 
of the ectoderm, with extreme rapidity, a mucilaginous 
cuticular investment, in the interior of which, as in a spacious 
case, the whole body is lodged. This is what was originally 
described by Mertens as the “ house ” of the Appendicularia. 
It is obviously the homologue of the test of other Ascidians, 
which is often adherent to the ectoderm by only two or 
three points; but no c^^llulose has been discovered in it. 
According to M. Fol, who has studied the formation of the 
“ house ” with great care, the Appendicularioe have no proper 
test, and what I have described as the structureless gelatinous 
investment of the anterior part of the body is the commence- 
ment of the “ house.” It increases, assumes a peculiar 


® I must confess that M. Fol’s 
figures and descriptions of the 
ovary and ova are not satisfactory 
to me, and his dismissal of the sub- 
ject of their development in the 
following paragraph is tanta- 
lising 

“ Le d^veloppement, que j’ai pu 
suivre jusqu’a la formation de la 


larve,ne me parutdifferer en rien 
de celui des Ascidies; et comme 
d’autre part, la petitesse de ces 
ceufs et la difficultc qu’on a de lea 
obtenir les rendentpeu favorablea 
a I’etude, je n’ai pas juge h propos 
d’approfondir davantage ce au- 
jet.” (1. c. p. 1.) 
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fibrous structure, and in the course of an hour, in a vigorous 
animal, it is separated as an envelope in which the whole 
body is capable of free movement. In front, it presents two 
funnel-shaped apertures supported by a fibrous trellis-work, 
which lead down to the cavity in which the body is con- 
tained. A spacious median chamber allows of the free 
motion of the tail. After a few hours the animal deserts 
its test and forms another. 

In the great majority of those Tunicata which are fixed 
in the adult state, the young leave the egg in an active 
larval condition, and resemble Appendicularia in being 
propelled by a muscular appendage in the axis of which lies 
an urochord. The body and appendage, however, are in- 
vested by a coat, or test, impregnated with cellulose, and the 
former presents some important structural differences from 
that of Appendicularia. After a free existence of a certain 
duration, the body of the larva fixes itself, the appendage 
withers away, and the young animal assumes the ordinary 
form of a fixed Ascidian. It may remain simple, or it may 
develope buds and give lise to a compound organism or 
Ascidiarium, consisting of many Ascidiozooids united to- 
gether. 

All the fixed Tunicates present two, more or less closely 
approximated, apertures; one, oral, leads into the ali- 
mentary cavity, the other, atrial, opens into a chamber, 
the atrium, into which the faeces and genital products 
are poured, During life, when these apertures are open, 
a current sets into the oral and out of the atrial opening. 
But if the animal is irritated, the sudden contraction of 
the muscular walls of its body causes the water contained 
in the brachial and atrial cavities to squirt out in two 
jets, while both apertures are speedily closed. 

The apertures are much further apart in some forms 
than in others, and in certain of the Botryllidce they are 
almost terminal. In the pelagic genera Pyrosoma (Fig. 150), 
Boliolum (Fig. I5I), and Salpa (Fig. 152), the atrial and oral 
apertures are at opposite ends of the longest diameter of 
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the body ; and, in the two latter, locomotion is effected by 
the contraction of transverse muscular bands, which drives 

Fig. 148. 


(I 



148 —phaliusia mtuitula.—The test is removed, and hardly more 
oi the animal represented than would be seen in a longitudinal 
section: a, oral aperture; i, ganglion; c, circlet f' 

branchial sac, the three rows of apertures in its upper part inuicatc 
but do not represent the stigmata ; e, the languets ; J, the oesophageal 
opening; o, the stomach; A, the intestine; t, ‘^e »nu8. A, toe 
atrium ; I, the atrial aperture ; m, the endostyle; n, the heart. 



r 
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the water out of the one aperture or the other, and causes 
the body to be propelled in the opposite direction. 

When one of the simple fixed Ascidians, such as a PhaU 
lusia (Fig. 148) or a Cynthia, is laid open by a section carried 
through the oral opening, at right angles to a transverse 
plane passing through its centre, the mouth is found to 
open into a large pharyngeal dilatation, termed the hraw- 
chial sac (Fig. 148, d). A series of simple or pinnatifid ten- 
tacles (Fig. 148, c) is seen encircling the oral aperture, at 
some little distance within the margin of the lip, which 
is usually divided, like that of the atrial opening, into 
four or six lobes. Immediately behind the tentacular 
circlet is a ciliated peripharyngeal band. 

On that side of the branchial cavity which is furthest 
away from the atrial opening, a pair of delicate lip-like folds 
extend, parallel with one another, from the peripharyngeal 
band, along the middle line of the branchial sac, as far as the 
opening of the oesophagus at the opposite end of the branchial 
sac. The interspace between these leads into a fold of the 
endoderm, lined by a thick epithelium and forming the endo- 
style, and, in the middle line of the peripharyngeal hand, on 
the same side as the atrial aperture, there is a tubercular 
elevation, which contains a ciliated cavity and answers to 
the ciliated sac of Appendicular ia. The walls of this sac 
are variously folded, and, consequently, the surface of the 
tubercle presents a more or less complicated pattern. Con- 
tinued backwards in the middle line, as far as the oeso- 
phageal aperture on this side of the branchial sac, there are 
sometimes one, sometimes two longitudinal lamell®, the 
hypopharyngeal folds ; or there may be merely a ridge sur- 
mounted by a series of tentacles, termed languets (Fig. 148, e). 
The languet which is nearest the ciliated sac is often the 
largest of the series. Behind the peripharyngeal band, the 
lateral walls of the pharyngeal, or branchial, sac are perfo- 
rated by small elongated apertures, the stigmata, the edges of 
which are fringed with long cilia; and, by means of these 
apertures, the cavity of the sac communicates with the 
atrium. 
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The stigmata are arranged in transverse rows and are 
usually very numerous. The reticulated wall of the 
branchial sac may be strengthened by longitudinal lamellae, 
or it may be raised into few and distant, or many and 
close-set folds. In some cases, papillae of a complicated 
form are developed from the inner surface of the sac, and 
its outer wall is always connected by vascular trabeculae with 
the parietal wall of the atrium. In some cases, (Molgula) 
the stigmata, instead of being elongated meshes, are coiled 
spirally. The atrial chamber (Fig. 148, k), into which the 
branchial stigmata open, is shown by laying it open from 
the atrial aperture, in the same way as the branchial 
chamber was laid open from the oral aperture. The atrial 
opening is thus seen to lead into a cavity, interposed 
between the branchial sac and the parietes, and lined upon 
all sides by a delicate membrane (the third tunic of Milne- 
Edwards) like a peritoneum. This membrane has a parietal 
and a visceral layer. The former is continued from the 
atrial aperture on to the parietes of the body, to the level of 
the peripharyngeal band in one direction, to a line par- 
allel with the endostyle in another, and to the alimentary 
and genital viscera in a third direction. From these va- 
rious lines, it is reflected on to the branchial sac, of which it 
forms the outer wall. At the margins of the stigmata it is 
continuous with the endoderm of the pharynx, and, at the 
aperture of the rectum, with the endoderm of the intestine. 
Thus the atrial membrane forms a bilobed sac, one lobe 
extending on each side of the pharynx, and opens out- 
wards by the atrial aperture ; it communicates by the stig- 
mata with the interior of the branchial sac; and, by the 
anal and genital openings, it receives the faeces and genital 
products. The current which sets in at the oral and out at 
the atrial aperture is set in motion by the cilia of the stigmata. 

The atrium of the higher Ascidians differs from that of 
Appendioulariaj not only in extent, but in being single and 
not double ; and in its single aperture being placed upon 
the neural aspect of the body close to the ganglion, while 
the atrial funnels of Appendicularia open upon the haemal 
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aspect of the body. The development of the bigber Tuni- 
cata, bowever, shows tbat tbe peculiarities of tbe atrium in 
tbem are of secondary origin ; and tbat, to begin with, there 
are two distinct atria, as in Appendicularia. 

Tbe oesophageal aperture is usually sun-ounded by a raised 
lip, and the short and wide oesophagus leads into a dilated 
stomach, whence a shorter or longer intestine proceeds. The 
alimentary canal is always bent upon itself in such a manner 
that the anus terminates on the neural side of the body, 
in the atrial chamber. 

In Clavelina, Amouroucium^ Dldemnum, Syntethys, and 
I most of the compound Ascidians, the greater part of the 
alimentary canal lies altogether beyond the branchial sac, 
in a backward prolongation of the body which has been 
termed the abdomen, and is often longer than all the rest of 
the body ; the alimentary canal forming a long loop, and 
the direction of the axis of the branchial sac being continued 
by that of the gullet, stomach, and first half of the intestine. 
In the Botryllidoe, however, the stomach is bent at right 
angles upon the gullet, as in Appendicularia ; the intestine 
almost immediately turns forward, and then, turning sharply 
upon itself, passes forwards parallel with the hinder part of 
the branchial sac, on one side of which it opens into the 
atrium. 

A similar arrangement obtains in Peropliora, but the 
branchial sac extends backwards for a short distance on one 
side of the stomach. In the solitary Ascidians, the stomach 
lies sometimes altogether behind the branchial sac {Pelonaia, 
some Phallusice) ; but, usually, the branchial sac extends so 
far back that the whole alimentary canal lies on one, usually 
the right, side of it. In Phallusia monachus, the hinder end 
of the branchial sac is recurved, and the oesophageal opening 
looks backwards to the fundus of the sac, instead of forwards 
to the mouth. 

In many Ascidians, a strong fold of the endoderm of the 
intestine projects into its interior, as in LameUibranchs 
and in the Earthworm, where such a fold constitutes the 
so-called typhlosole* 
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In tlie pelagic Tunicates, 8a1pa, Pyrosoma, and Doliolurrit 
1 found a system of fine tubules * which ramify over the 
intestine and are eventually gathered together into a duct 
which terminates in the stomach. An apparatus of the 
same nature exists in Phallusia, Cynthia, Molgula, Perophm-a, 
Botryllus, Botrylloides, Clavelina, Aplidum, smd Didemnum,f 
and I have little doubt that it is hepatic in its function. 
In some Cynthicc, however, there is a follicular liver of the 
ordinary character, which opens into the stomach by several 
ducts. 

In some Phallusice, the alimentary canal is coated by a 
very peculiar tissue, consisting of innumerable spherical 
sacs containing a yellow concretionary matter. In Molgula 
(and in the Ascidia vitrea of Yan Beneden) an oval sac 
containing conci-etions lies close to the genital gland, on 
one side of the body. As these concretions have been shown 
by KupferJ to contain uric acid, the organ must be re- 
garded as renal in function. M. Lacaze-Duthiers § terms 
this sac an “ organ of Bojanus but, as he admits, no 
opening is discoverable : it would probably be more correct, 
therefore, to regard it as the representative of the glandular 
part bf the organ of Bojanus. 1| 

The heart is an elongated sac open at each end, lodged 
near the stomach, and close to the hinder extremity of the 
branchial sac. After a certain number of contractions in 
one direction, it stops and contracts for the same number 


* Savigny seems first to have 
observed this organ, as would 
appear from his account of D/a- 
zona, (‘ Memoires sur les Ai.i- 
rnaux sans vertebres,’ p. 17G,) 
and the description of plate 12. 
Lister mentions and figures it in 
Perophora (Phil. Trans. 1834). 

t ‘ Reports of the British 
Ass>ociation,^ 1852. Hancock “On 
the Anatomy and Physiology of 
the TunicataP (‘ Journal of the 
Linnean Society,’ Vol. IX.) The 
development of these tubules 
from the stomach was traced by 
Krohn in Phallusia^ and by myself 


in Pyiosoma. 

J “ Zur Entwickelung der ein- 
fachen Ascidien.” (‘ Archiv ftir 
Mikr. Anatomie,’ 1872.) 

§ “ Les Ascidies simples des 
Cotes dc France.” (* Archives de 
Zoologie experimentale,’ 1874.) 
M. Lacaze-Duthiers has obtained 
murexide by heatirig this sub- 
stance with nitric acid. 

11 There is a close resemblance 
between the cells of which this 
organ is composed and those 
which constitute the primitive 
kidney in the Pulmonata. 
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of times, in the opposite direction. The course of the cir- 
culation is thus reversed with great regularity. The blooc 
is a clear fluid, containing colourless corpuscles. 

B/espiration is effected in the walls of the branchial sac 
through which the blood is driven. Tbe supply of aerated 
water is kept up by the currents already mentioned, which 
subserve the ingestion of food, the respiratory process and 
the ejection of efiete matters, as well as the expulsion of the 
generative products. The test in which the body is en- 
closed is sometimes closely adherent to the surface of the 
ectoderm, but sometimes is united with it only at the oral 
and atrial apertures, and by prolongations of the body. In 
consistency it presents every variety, from soft and gela- 
tinous, to dense and hard like eartilage, or tough, like fibrous 
tissue. In some cases the exterior of the test is covered 
with homy spines, tubercles, or even with regularly disposed 
plates (Chelyosoma). 

In texture, the test may present merely a homogeneous 
matrix, in which cells like connective tissue corpuscles may 
be scattered; or it may resemble cartilage (Phalltma) or 
fibrous tissue. In most cases it is non-vascular ; but, some- 
times, tubular prolongations of the ectoderm, divided by a 
median septum and containing blood, enter it at one point, 
and thence branch out through its substance. 

In the Chevreulius of Lacaze-Duthiers,* the test is some- 
what like a snuff-box with a moveable lid. There is no 
hinge, however, but the substance of the lid is continuous 
with that of the rest of the test along the line of junction. 
And the elasticity of this part causes the lid to stand open, 
unless it is shut by the contraction of two adductor muscles 
which are attached to it. 

The reproductive organs of the two sexes are united. 
Usually, the testis and the ovary have the form of racemose 
glands situated in the loop formed by the intestine; or 
beyond it, when the ‘ abdomen ’ is long ; and their ducts 
run, parallel with one another, to open close together beside 
the anus. In many of the simple Ascidians, however, the 
• ‘ Annales dee Sciences Naturelles,’ 1865. 



Fig. W.—Phalluna mammillata.—Y t^riouti stages in the development 
of the larvffi. (After Kowalewsky.)* 

* **Weitere Studien Uber die Ascidien.** (‘Archiv fttr Mikr. 

Entwickeluug der einfachen Anat.’} 187 !•) 
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I. The vesicular morula, flattened and about to undergo invagination ; 
/A, blastocople. The large blastomeres constitute the hypoblast, the 
small ones the epiblast. 

n. The gastrula with the blastopore, or opening of invagination, eo; 
ch^ the blastomeres which constitute the rudiment of the urochord ; 
dd^ the remaining blastomeres of the hypoblast. 

III. A more advanced embryo; cA, dd, as before, c, the epiblast; n, 
the nervous layer of the neural cavity, which is now open only in 
front near ch. 

IV. An embryo with the caudal appendage distinct. The nerve tube 
n is complete, and the muscle-cells »i, are distinguishable. 

V. The body of a larva as it escapes from the egg. a, the eye; gh^ 
the saccular anterior end of the central nervous apparatus into 
which the otolith projects ; JRg^ i?m, its tubular backward prolon- 
gation ; (7A.S, cells of the urochord ; o, mouth ; kl, atrial aperture ; 

opening at the anterior end of the central nervous apparatus, by 
which it communicates with the alimentary cavity; rf, commence- 
ment of the oesophagus and stomach ; *n, blood corpuscles ; Ajo, 
papillae by which the larva attaches itself. 

VI. The body and the commencement of the caudal appendage of a 
free larva two days old. cw, endostyle ; ks^ branchial sac; lA*, 
2A5, branchial stigmata; AA, entrance into the blood sinus between 
them ; rf, intestine ; A, blood corpuscles ; klm, atrial aperture. 

reproductive organs are lodged in the lateral walls of the 
atrial cavity, and their ducts are distant from the anus ; 
and, sometimes, there are many distinct genital glands. 

In some genera, e.g, Phallmia, each egg is surrounded 
by an ovicapsule formed by the coalescence of cells of the 
epithelial lining of the ovary, and these cells may grow out 
into processes which give the fully formed egg a stellate 
appearance. 

Complete yelk-division takes place, and the morula under- 
goes invagination (Fig. 149, I. II.). A longitudinal depres- 
sion of the epiblast, extending forwards from the margins 
of the aperture of invagination, next makes its appearance; 
and, deepening, gives rise to an involution, the edges of 
which unite and thus shut off a tubular portion of the 
epiblast. This is the rudiment of the nervous ganglion 
(Fig. 149, III.). The aperture of invagination closes, and 
an outgrowth of the body gives rise to the caudal append- 
age, into which the urochord, formed by the coalescence 
of certain cells of the hypoblast, extends (Fig. 149, lY.). 
The sac of the hypoblast becomes divided into its branchial, 
oesophageal, gastric, and intestinal, portions, and the mouth 
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is formed by the perforation of a spot in wbicb the hypo- 
blast and the epiblast cohere (Pig. 149, Yl.). The atiial 
cavity is formed by two involutions of the ectoderm, which 
extend inwards and apply themselves to the lateral and 
neural walls of the branchial sac (Fig. 149, YI.). Their 
originally separate apertures eventually coalesce into one.’**' 
The atrial tunic thus formed, and the walls of the branchial 
sac, coalesce and become perforated, in order to give rise 
to the stigmata. 

The test appears, at first, to be acuticular secretion of the 
epiblast, and to derive its cellular elements from the 
wandering into its substance of cells derived from the 
epiblast. 

In Molgula tuhulom, Kupfer and Lacaze-Duthiers have 
observed that the fecundated eggs ai’e expelled from the 
atrial cavity and almost immediately become fixed to the 
surface on which they fall. Yelk-division takes place, and 
after four nearly equal blastom'^res are formed, much 
smaller ones are developed from one face of these, and 
increase until they constitute a blastodermic layer around 


* In 1852 Krohn discovered the 

fact that the larva of Pli dluna is 
provided with two distinct sym- 
metrically disposed openings, by 
which the originally 8e(>arate 
atria open outwaids ; and that the 
two eventually coale‘'Ce into the 
single atrium of the adult. Kowa- 
lewsky, Fol, and later obser- 
vers, agree that these openings 
and the atrial sacs, are formed 
by two involutions of the ecto- 
derm, which apply themselves to 
the sides of the pharynx, and 
coalesce with it at the ]»oint8 
which become perforated by the 
stigmata ; of which, in Phallusia^ 
there are at first but two on each 
side. If this is a true account of 
the origin of the atrium, the 
atrial membrane is obviously 
part of the ectoderm, and its 
cavity is analogous to the pallial 
cavity of a mollusk. 


On the other hand, Metschni- 
koff and Kowalewsky agree that 
in the buds of Botryllus^ and other 
ascidians which multiply bygerar 
mation, the two primitively dis- 
tinct atrial cavities are portions 
of the alimentary sac, which be- 
come shut off’ from it, and sub- 
sequcmly open outwards. 

Met3ohnikoft‘(‘*Entv\ickelungs- 
geschi chili (he Beitrage,” ‘ Bulle- 
tin de r A end. St. Petersbourg,’ 
xiii ) therefore compares the 
atrium to the enterocoele of Echi- 
noderins. Renewed observations 
specially diiected to this point, 
which is of grent morphological 
importance, arc much needed, if 
the atrial cavity is really an 
enterocoele, it will answer to the 
perivisceral cavit}"^ of the Bracliio- 
poda^ the pseudo-hrarts of which 
will coi respond with the primi- 
tive atrial aperture. 



6l6 THE ANATOMT OF INVEBTEBBATED ANIMALS. 

the larger blastomeres, which undergo a slower division. 
The alimentary cavity is formed by invagination. The 
embryos leave the egg as oval bodies, capable of under- 
going considerable but slow changes of form, and devoid 
of any caudal appendage. Each embryo rapidly invests 
itself with a transparent test, throws out several tubular 
prolongations of the ectoderm, and finally passes into the 
adult condition. Although no tail is developed, a cellular 
mass is to be seen in the same position as that occupied by 
the remains of this appendage, when it has undergone its 
retrogressive metamorphosis, in the Ascidians with caudate 
larvae. The atrial aperture is single at its first appearance, 
and no larval sensory organs are developed. 


See page 611. 

Fig. IfiO. — Pyrosoma giganteum. — I. A vertical section of the wall of the 
Ascldiarium near the cloacal aperture and including its lip. II. 
The youngest condition of a bud before the ectoderm is elevated. 
III. IV. Y., further stages of the development of a bud. VI., a fully 
formed bud w ith a second ascidiozooid in course of development from 
its peduncle. 

VII. A fcBtus with the blastoderm divided into five segments, of which 
the cyathozooid (I) is the largest. VIII. A foetus, the ascidiozooids 
of which half encircle the base of the cyathozooid. IX., foetus, the 
most advanced stage observed. The remains of the conjoined 
cyathozooid and ovisac are hidden by the circle of ascidiozooids. 

The letters have the same signification in all the figures, a, test ; a*, 
labial process ; lip of the cloacal aperture ; a*, cells of the em- 
bryonic test; c, oral aperture; /?*, atrial aperture; *, endostyle ; 
/®, branchial sac and stigmata; r, heart; stolons of the adult 
ascidiarium ; r‘, stolons of the embryonic ascidiarium ; s, ovisac ; 

testis; M, ovum; w\ peduncle of a bud; a:, the alimentary 
portion of the endoderm entering into a bud ; a:^, its generative 
portion ; the ectoderm entering into a bud ; cb, the oeleoblast ; z, 

f anglion. 

I. ni. IV. V. segments of the blastoderm ; I., cyathozooid, IV.-V. 
ascidiozooids ; B, mouth of the cyathozooid. 

In the compound or social Tunicata, many ascidiozooids, 
which are united by a dommon test into an ascidiarium, 
are produced by gemmation from a solitary metamor- 
phosed larva. 

Sometimes, as in Clavelina and Perophora, the parent 
ascidiozooids give rise to creeping stolons, from whici 
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branches, wbicb develope new ascidiozooids, are given off at 
intervals ; but, more commonly, the ascidiarium is massive, 
and the ascidiozooids retain no permanent connexion with 
one another. In the BotryllidcBj the zooids are arranged in 
whorls around a common central cavity, or cloaca, into 
which the atria of all the members of the whorl open. In 
PyroBoma, which is a sort of floating Botryllus, the process 
of budding is highly instructive, as it exemplifies the manner 
in which gemmation occurs in the Tunicata in general.* 

The ascidiarium of Pyrosoma (Fig. 150, 1.) has the form of 
a hollow cylinder, rounded and closed at one end, truncated 
and open at the other, formed of a firm transparent test, 
in which the zooids are arranged in whorls. Their oral 
apertures open on the exterior surface, and their atrial 
apertures into the interior of the cylinder. The hsomal 
aspect of each zooid is turned towards the closed end of 
the cylinder. The branchial sac has the ordinary structure, 
and each zooid is provided with a testis and with an ovisac, 
containing a single ovum. 

Every zooid multiplies by gemmation from a region of the 
body which lies immediately behind the extremity of the 
endostyle. Close to the heart, attached to a short csecal 
process of the endoderm which constitutes the extremity of 
the endostyle, and which I have termed the endostylic cone, is 
a cellular mass — the remains of that mass of indifferent tissue 
which I have called the generative blastema, and from which 
the generative organs of the gemmiparous zooid have been 
developed (Fig. 150, II.). The endostylic cone elongates, and 
curving towards the hsemal side of the body, applies itself 
closely to the ectoderm (Fig. 150, III.). The latter grows 
out into a conical elevation, which projects into the sur- 
rounding substance of the test, and contains a mass of 
mesoblastic cells, one of which {u') has already taken on the 
character of an ovum, and is surrounded by a rudimental 
ovisac. The conical bud elongates and dilates at its ex- 
tremity, and the dilatation gradually takes on the form of 

♦ Huxley, “ Anatomy and Development of Pyrosoma.” (* Trans. 
Linnean Society,’ I860.) Kowalewsky (/.c. infra, p, bl6). 
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a new zooid united by a narrow neck, or peduncle, with tbe 
parent (Fig. 150, IV.). Tbe endostylic cone gives rise to 
tbe whole abmentary canal of tbe bud, while tbe ectoderm 
of tbe latter proceeds from tbe ectoderm, and its ovisac 
and testis from tbe mesoblastic cells, of tbe parent. Thus 
tbe organs of the bud are all tbe direct product of tbe 
corresponding parts, or of tbe primitive layers of tbe germ 
from which they are derived, in tbe parent.* 

After tbe terminal bud is formed, a second is usually 
developed immediately below it (Fig. 150, VI.) by tbe growth 
of tbe ectoderm, endodermal axis, and mesoblastic cells 
of tbe peduncle ; and it would appear that this process is 
frequently repeated. Tbe fully formed bud becomes de- 
tached, and takes its place among tbe other zooids in tbe 
test, there to repeat tbe process of gemmation. 

The observations of Krobn, Metscbnikoff, and Kowa- 
lewsky, have shown that two components enter into the 
buds of ascidians in general ; first, an outer layer consisting 
of tbe ectoderm of tbe region in which tbe budding takes 
place, and secondly, an inner layer derived from tbe endo- 

* In my second memoir on tract of the bud, and the repro- 
Pyrosoma (Trans. Linn. Society, ductive organs of the latter are 
xxiii. p. 211) I have said : — furnished by a part ot that tissue 

“ Gemmation does not take whence the reproductive organs 
place in Pyrosoma as in so many of the parent took their origin.” 
of the lower animals {ey. the As will appear further on, 
Hydrozoa and Polyzoa^ or Salpa however, recent investigations 
and Clavelina, among the asci- show that the whole process of 
dians), by the outgrowth of a budding in the great majority of 

process of the body-wall whose the Tunicata^ and at any rate the 
primarily wholly indifferent pari- first steps of that process in Salpu^ 
etes become differentiated into are essentially similar to tliose in 
the organs of the bud; but, fiom Pyrmoma; and it remains to be 
the first, several components, de- seen whether there is any differ- 
rived from as many distinct parts ence in other Ascidians. And as 
of the parental organism, are regards even the Hydrozoa the 
distinguishable in it, and each expression that the parietes of a 
component is the source of certain bud are at first ‘ wholly indiffer- 
parts of the new being, and of ent’ in structure is not quite 
them only. Thus the body-wall accurate, inasmuch as thev are 

or external tunic of the parent composed of an ectodermal and 

gives rise to the external tunic of an endodermal layer, which are 
the bud : while a process of the continuous with those of the 

endostylic cone of the parent is parent, and give rise to horjo- 

couverted into tbe alimentary logons organs. 
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derm of the branchial sac (Perophora) ; or, as in Botryllus, 
according to Metschnikoiff, from the atrial tunic.* To these 
must be added a third component, derived from the in- 
different tissue, out of which the reproductive organs of the 
parent have been developed. 

In Amoiiroucium proliferum, agamic multiplication takes 
place when the larva has fixed itself and gi'own into a 
solitary ascidian. The long post-abdomen (as the prolon- 
gation of the abdomen beyond the alimentary canal is 
termed) separates itself from the body, carrying with it the 
heart, and divides into a number of segments which rise to 
the summit of the test of the parent, range themselves 
around it, and become converted into independent zooids. 
The parent developes a new heart and post-abdomen. The 
process appears to be repeated in the post-abdomina of the 
new zooids. The post-abdomen is a process of the ectoderm, 
the inner cavity of which is divided by a septum into two 
chambers, containing many fatty cells. The septum itself 
incloses a cavity, and there appears to be no doubt that it is a 
prolongation of the pharyngeal sac. When the segments of 
the post-abdomen develope, the cavity of the anterior end 
of the septum dilates and divides, as in Didemnumy into 
three chambers, of which the median becomes the branchial 
sac, and the lateral the atrial chambers. The rest remains 
as the septum of the post-abdomen of the foetus, and its 
cavity at first communicates with the branchial sac, between 
the endostyle and the oesophageal aperture. 

Kowalewsky f has observed the formation of buds from 
free cellular masses in the common test of Didemnum styli- 
ferum ; the origin of these masses is undetermined. They 
multiply by division, after the rudiments of the alimentary 
cavity and of the reproductive organs have made their 
appearance. The alimentary cavity gives off a process 
whence the oesophagus, stomach and intestine are deve- 

* If, as some observations tend of budding in the Tunicata. 
to show, the atrial tunic itself f “Ueber die Knospung der 
is a diverticulum of the primitive Ascidien.’* (‘Archir fUr Mikr. 
endoderm, this case would form Anatomie/ 1874.)^ 
no exception to the general law 
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loped, and then becomes divided by longitudinal partitions 
into three chambers, a median and two lateral. The latter 
give rise to the lateral chambers of the atrium, which 
subsequently open into one another on the neural side 
of the body, and finally communicate with the exterior by 
a median atrial opening. 

Gegenbaur * has described the detachment of the ova of 
a species of Bidemnum into the substance of the common 
test, where they are developed into caudate larvae provided 
with an eye. Before the development of the larva is nearly 
complete, a zooid is formed from it, so that, at one time, 
the embryo appears to have two branchial sacs. 

Metschnikoff f and Krohn J have shown that the caudate 
larvae of Botryllus are not composite, as Savigny and Sars 
supposed, but that the bodies imagined by these observers 
to be buds are simply diverticula of the ectoderm, and 
become converted into the vascular processes, which ramify 
through the common test, and commonly end in dilatations. 
In the adult, the buds are developed, one, or sometimes two, 
at a time, at the sides of the body, and consist of an outer 
layer, derived from the ectoderm, and an inner layer, which, 
according to Metschnikoff, proceeds from the atrial tunic. 
From the inner layer the alimentary canal of the bud pro- 
ceeds, and between the inner and the outer layers the rudi- 
ments of the genitalia appear. The ovaria advance towards 
their development much more rapidly than the testes. The 
zooids thus developed, as they enlarge, rise to the surface, 
taking the place of those from which they proceed and 
which die away. The ova are impregnated from without, 
and undergo their development in the atrium of the parent. 
Subsequently the testes attain their full development ; and, 
at the same time, the buds are formed which will give rise 
to a third generation, supplanting the second. 

* “Ueber Bidemnum gelatino- J “tieber die Fortpflanzungs- 
SMWi.” (‘ Archiv fur Anat.,’ 1862.) verhaltnisse bei den Botrylliden.’’ 

t “ Entwickelungsgeschichtfi- (‘Archiv fiir Naturgeschichte/ 
che Beitrage.'' (‘ Bulletin de FA- (1869.) “ Ueber die fruheste 
cadeuaie des Sciences de St. Pe- Bildung der Botryllensstdcke.’* 
iersbourg,' xiii. 1868.) (Ibid.) 
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After the larva (which may be called A) has attached 
itself, the first sets of zooids which are developed are sexless. 
The first bud arises on the right side of the body of the 
larva (A) in the neighbourhood of the heart ; a& it increases 
in size, the parent withers away, and the zooid (B) thus de- 
veloped takes its place. Two buds, a right and a left, are 
developed from (B) and become zooids (C,C), B disappearing. 
The two zooids (0, C) are so disposed that their atrial ends, 
are close together, and their oral ends turned away from one 
another. These each develope two lateral buds, which be- 
come four zooids (D, D, B, B). The zooids C, 0 disap- 
pear as before, and their successors arrange themselves in 
a circle. Fach of these developes two, or sometimes three, 
lateral buds ; these grow into zooids, which supplant their 
predecessors and are themselves, in turn, supplanted. 

Every new system of the later successions is, at first, devoid 
of a common cloaca ; and the zooids which compose it may 
arrange themselves into one or several circles, each of 
which then acquires its cloaca. 

It thus appears that, in Botryllus, the ascidiozooid which 
results from the metamorphosis of the caudate larva serves 
merely as a kind of stock, from whence the other zooids 
which build up the ascidiarium proceed ; and this leads to 
the still more singular process of development in Pyrosoma, 
in which the first formed embryo attains only an imper- 
fect development, and disappears after having given rise to 
four ascidiozooids. 

In Pyrosoma, the ovisac is attached by a short oviduct to 
the wall of the atrium, into which it eventually opens, and 
thus allows of the entrance of the spermatozoa. 

Of the process of yelk division I could see nothing in my 
specimen, which was preserved in spirit, but it has since 
been traced in fresh specimens by Kowalewsky,^ who 
compares it to that which takes places in osseous fishes. 
The result is the formation of an elongated flattened 
blastoderm which occupies one pole of the egg, and is 

* ** Uober die Entwickelungsgeschichte der Pyrosoma.’^ (‘Archiv 
fiir Mikr. Anatomie/ lb75.) 
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converted into what I termed the cyathozooid, which is 
shown by Kowalewsky to be a sort of rudimentary ascidian 
(Fig. 150, VIII.). From this, a prolougation or stolon is 
given off, which becomes divided by lateral constrictions 
into four portions, each of which gives rise to a complete 
ascidiozooid. As these increase in size, they coil themselves 
round the cyathozooid, with their oral openings outwards 
and their cloacal openings inwards, and thus lay the 
foundation of a new ascidiarium (Fig. 150, VIII.). The 
cyathozooid eventually disappears, and its place is occupied 
by the central cloacal cavity (Fig. 150, IX.). Thus, in 
Pyrosonfi^a, the usual first stage of an Ascidian — the caudate 
larva — is abortive and serves only to found the colony by 
the buds which are developed from it. 

In the pelagic genus DoUolum * the cycle of life of the 
species is represented by distinct sexual and sexless forms. 
The egg produced by the sexual form (A) f gives rise to a 
caudate larva which passes into the first sexless form (B) ; 
this gives off from the neural side of the body an out- 
growth or stolon, from which buds are developed. These 
buds are arranged in three rows, two lateral and one median, 
and grow into zooids of two different forms, of which the 
median may be indicated by 0 m, the lateral by C 1. All 
these zooids are detached, and swim about as independent 
organisms. ^Vhat becomes of the lateral zooids (C 1) is un- 
known. But the median zooids give off a stolon from the 
haemal side of the body on which buds are developed, which 
pass into the sexual form (A). 

The sexual zooid (A) (Fig. 151) is shaped like a cask with 
an opening at each end; these are the oral and cloacal 
apertures. According to Keferstein and Ehlers there is no 
test, the outer wall of the body being formed, as in most 
Ajppendicularice, by the ectoderm. Eight muscular bands 

* Huxley “Remarks upon Entwickelung von Voliolum’' 
Appendicufaria and DoUolum^ (‘Zeitsch. lUr Wiss. Zoologie,’ 
(‘ Phil. Trans.,’ Krohn. 1853.) 

“ Ueber die Gattimg DoUolumr f Keferstein und Ehlers, Zoo- 
(‘Archiv fiir Naturgeschichte,* logische Beitrage,’ 1861. 

1852.) Gegenbaur, “Ueber die 
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encircle the body, and by tbeir contractions expel the water 
from either the oral or the cloacal ends. The body is thus 
propelled either backwards or forwards. The branchial sac 
is much simplified. In Doliolum Mullerif the atrial cavity 
does not extend further forwards than the hinder end of 
the wide pharynx, and this is perforated only by two rows 
of stigmata, four or five in each. In Doliolum denticulatum 
(Fig. 151), on the other hand, the atrial cavity extends 
forwards at the sides of the pharynx, both on the haemal 
and the neural side, and the stigmata are numerous and 
vertically elongated. 

An opening in the middle line of the hsemal face of the 
Fig. 1.51. 



Fig. 151 . — Doliolum denticulatum. — a, ganglion ; r, endostyle; rf, oral 
opening; a?sophagus ; i, stomach; /, intestine;/?, p\ testis; r, 
heart ; t, t, muscles. 

pharynx leads, by a short gullet, into a dilated stomach, 
whence the slender intestine proceeds to terminate in the 
atrial cavity. The nervous ganglion is situated in the 
third intermuscular space in D. denticulatum. There is a 
ciliated sac, but no auditory organ, in the sexual form. The 
testis is a long tube (Fig. 151, p, p), which lies on one side 
of the hsemal face of the body and opens on a papilla in 
the atrium. The ovary, small, rounded, and situated close 
to the hinder end of the testis, contains many ova. Accord- 
ing to Keferstein and Ehlers, the ova and spermatozoa 
appear often to become ripe at the same time. 
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The first sexless zooid (B) resembles A in general form, 
but has nine muscle-rings. The long stolon, which trails in 
the water, is attached in the seventh intermuscular space to 
the middle of the neural face of the body. The stigmata are 
arranged as in the form A, of Doliolum Mulleriy and one of 
the antero-lateral nerves terminates in an otolithic sac. 
It is spherical and contains a single otolith. 

The zooids produced by the lateral buds of the stolon (0 1) 
have wide oral apertures, and the body is shaped somewhat 
like the bowl of a spoon. They possess neither auditory 
organs nor genital organs, nor have they been observed to 
develope buds. The median zooids (0 m) closely resemble 
the sexual zooids. The stalk by which each is attached, 
and the insertion of which is in the middle line of the hajmal 
face in the sixth intermuscular space, remains as a pro- 
minence after the animal is set free ; and, from the base of 
this prominence, buds are developed, which take on the 
sexual form (A). 

In the SalpoB, the divergence from the ordinary Tunicata 
reaches its maximum. The oral and atrial openings are 
situated at opposite extremities of the body, as in Pyrosoma 
and Doliolum ; and the branchial stigmata are represented 
by wide vacuities at the sides of the branchial sac, the walls 
of which are thus represented only by the epipharyngeal 
folds on the one side, and a narrow trabecula, which occupies 
the region of the hyi:>opharyngeal band, on the other side. 
The relatively small alimentary and reproductive viscei a are 
sometimes aggregated into a mass, the so-called nucleus, at 
the posterior end of the haemal side of the body. The 
chief muscular bands, by the contraction of which the 
water is driven out of the branchial and atrial apertures, 
and the propulsion of the animal is effected, are transverse, 
but do not form complete hoops, as in Doliolum. 

In all the Salpce, each species is represented by two sets 
of zooids, the one sexual and the other sexless. The sexual 
zooids are produced by budding from a stolon, which is 
given off from the body of the sexless form in the immediate 
neighbourhood of the heart. When the sexual zooids thus 



620 THE ANATOMY OP INVERTEBRATED ANIMALS. 


formed are detached, they are at first connected into chains 
of various forms, but these eventually break up and the 
constituent zooids are set free. Fig. 152 shows the two 
zooids of the species Salpa democratica-mucronata, viz. the 
sexless zooid, Salpa democratica (Fig. 152, I.) and the free 
sexual zooid, Salpa mucronata (Fig. 152, II.). 

The recent investigations of Dr. Todaro,* in accordance 
with those of Kowalewsky, show that the stolon is formed, 
as in Pyrosoma, by the conjunction of a process of the 
endoderm which forms the extremity of the endostyle, with 
an outgrowth of the ectoderm, and with certain cells of the 
mesoblast. But, according to Todaro, there is this essential 
difference : the young Salpce, which make their appearance 
in double series along the stolon, are developed altogether 
from the mesoblastic cells. These cells, in fact, become 
aggregated into masses, of which four are arranged in the 
circumference of each segment into which the stolon is 
divided ; and two of these masses, one on each side of each 
segment, are converted into young Salpce, by a process 
analogous to that by which a morula becomes an embryo. 
If this account of the matter be correct, the agamic deve- 
lopment of the Salpce would rather resemble that of the 
germ masses of the sporocysts of Trematoda, or the 
pseudo va of insects, than ordinary budding. 

Each sexual zooid possesses a testis and a single ovum. The 
latter is contained in an ovarian follicle, the slender duct of 
which is attached to the wall of the atrium and opens into 
the atrial cavity. The testis attains its full growth and 
functional perfection only after the ovum has undergone 
development. It follows, therefore, that impregnation must 
be effected by the spermatozoa of some other zooid. The 
sexless form which is developed from the egg, goes through 
the early stages of its development in the atrial cavity of the 
parent, to the w^alls of which it is attached by a peduncle 
(Fig. 152, III.), the centre of which is occupied by a diver- 
ticulum of the vascular canals of the parent, enclosed within 
a cup-shaped cavity in free communication with the blood 
* ‘ Sopra lo Sviluppo e TAnatomia delle Salpe/ 1875. 
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Fig. 152, 



^ig. 152. — Salpa democrat ica-mucronata. — I. Safpa democrattca. II. 
Salpa mucronnta. HI. A foetal Salpa democratica attached by its 
placenta to the wall of the atrial cavity of a Salpa mucronata. TV. 
Part of the stolon of Salpa democratica with attached Salpa mucronata 
buds. 

^he letters have the same signification throughout. a, oral ; 6, 
atrial orifices ; c, endostyle ; d, ganglion ; c, hypopharyngeal band in 
a so-called ‘branchia*/ languet; heart; A, gemmiparous 
stolon ; if visceral mass or nucleus ; A, muscular bands ; m, placenta ; 
n, blood sinus ; q, ovisac and ovum ; stomach ; m>, ciliated sac ; 
a, oeleoblast ; a, ectoderm and test ; ^3, endoderm. 
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Binnses of tlie foetus. It is, in fact, a true placenta ; and, 
during life, the independence of the foetal and maternal 
circulations is readily observed, as the blood corpuscles of 
the two organisms course through their respective channels. 

The early stages of the development of the embryo 
Salpa have been investigated by numerous observers, most 
recently by Kowalewsky,* Todaro, Brooks f and Salensky.J 
The observations of the last-named author relate chiefly to 
Salpa democratica-mucronata, and his account of the process 
appears to me to be the most satisfactory. 

The egg is impregnated in the ovarian follicle, as in 
Pyrosoma ; and the oviduct, shortening, gradually draws the 
ovarian follicle, with its contents, into a sort of incubatory 
pouch, which is a diverticulum of the wall of the atrium, 
and projects into the atrial cavity. 

For distinction’s sake the incubatory pouch may be 
termed the omcyst. As the oviduct shortens, it widens and 
constitutes, together with the ovarian follicle, a single 
uterine sac, the outer or oviducal half of which applies 
itself to the wall of the ovicyst, while the inner half con- 
tains the ovum. The vitellus undergoes complete division, 
and the superficial layer of blastomeres constitutes itself 
into an epiblast, investing the solid mass formed by the other 
blastomeres, which represent the hypoblast. A mesoblastic 
layer subsequently appears between the two. The nervous 
ganglion results from an involution of the epiblast, while 
the branchial sac, the alimentary canal and the atrium are 
the product of the subdivision of a cavity which appears 
in the midst of the hypoblast. The maternal and the 
foetal parts of the placenta arise, respectively, from the 
wall of the ovarian sac and from certain large blastomeres 
on the adjacent haemal face of the embiyo. 

Todaro agrees with other observers in stating that the 
vitellus undergoes division, and that a small celled blasto- 

♦ * Nachrichten der Kdnigli- Comparative Zoology,* No. 14. 
chen Gesellschaft zu Gottingen,* % ‘ Zeitschrift fur Wiss. Zoo- 
1868. logic,* 1876.^ 

t ‘ Bulletin of the Museum of 
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derm inveets tte large remaining cells which he terms the 
germinal mass. But his account of the further stages of 
development is very different. A circular thickening of 
the blastoderm separates the hemisphere which is directed 
outwards from that which is turned inwards, and gives 
rise to a lamellar outgrowth. It is, at first, directed towards 
the inner end of the ovisac, having reached the bottom of 
which, it becomes reflected; and the reflected portions 
lining the inner wall of the ovisac, and meeting over the 
outer hemisphere, form a sort of amniotic investment of 
the embryo. It is the cavity left between this ' amnion ’ and 
the inner hemisphere of the blastoderm which becomes the 
parental blood sinus. An involution of the outer hemi- 
sphere^ of the blastoderm gives rise to the alimentary canal, 
which becomes shut off, as the endoderm, from the remain- 
ing blastoderm, which constitutes the ectoderm. A mass 
of cells which appears in the middle of the outer half of 
the embryo, between the alimentary sac and the ectoderm, 
and which has only a transitory existence, is regarded by 
Todaro as the representative of the urochord. 
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CHAPTER XL 

THE PEEIPATIDEA, THE MYZ08T0MATA, THE ENTERO- 
PNEUSTA, THE CH.®TOGNATHA, THE NEMATOIDEA, THE 
PHYSEMARIA, THE ACANTHOCEPHALA AND THE DICYE- 
MIDA. 

I HAVE reserved for discussion in this Chapter the Peri- 
patidea, which have heretofore been referred by most 
authors to the Annelida ; and certain groups of the lower 
Metazoa, the precise morphological relations of which 
are as yet uncertain, although it is pretty clear that 
several of them are allied with the lower Annelida, the 
Botifera, and the Turhellaria. They are, for the most part, 
totally devoid of segmentation ; while the Chcetognatha and 
the Myzostomata alone present any structures resembling 
limbs, though the nature of these is doubtful. So far as 
the nervous system is clearly made out, it exhibits no such 
chain of post-oral ganglia as characterises the higher worms. 

The Peeipatidea. — At p, 257, I have referred this 
group to the Arthropoda, Mr. Moseley’s memoir on Peripatm* 
having left no doubt upon my mind, that he had satis- 
factorily proved the justice of the surmise respecting its 
affinities originally made by Gervais. It is only recently, 
however, that I have been able, thanks to Mr. Moseley, 
to examine one or two specimens of Peripatus Novce Ze- 
lanioB, and to satisfy myself of the main point, namely the 
existence of the tracheal system which he has described. 

Of the genus Peripatus several species are now known, 

♦ ‘ Philosophical Transactions,* Bau von Peripatus EdwardsUy 

1874. See also the valuable (‘Archiv fur Anatomic,’ 1853.) 
memoir of Grube, “ Ueber den 
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from the West Indies, South America, the Cape of Good 
Hope and Hew Zealand, where they are found among the 
decaying wood of damp and warm localities. They have 
the curious habit of throwing out a web of viscid filaments 
when handled or otherwise irritated. 

The head is distinct, and is provided with a pair of many- 
jointed antenna-like tentacula and two simple eyes. The 
mouth, situated upon the under surface of the head, m sur- 
rounded by a prominent lip, which encloses a pair of jaws, 
each of which is terminated by two cuiwed chitinous claws, 
similar to those of the feet. On each side of the mouth, 
the head supports a short obscurely jointed ‘ oral papiUa,’ 
which is somewhat like one of the feet, but is devoid of claws 
and perforated at its extremity. The head is followed by an 
unsegmented body produced laterally into paired appen- 
dages, which vary in number from fourteen to more than 
thirty, according to the species ; and each of these appen- 
dages is indistinctly articulated, the terminal joint being 
provided with two small curved claws. 

The anus is terminal and the genital aperture is situated 
on a papilla, a little distance in front of the anus, on the 
neural or ventral face of the body. 

The alimentary canal commences by an ovoid muscular 
pharynx. The oesophagus, continued from this, gradually 
dilates into a wide and long stomach, from which a very 
short intestine is continued to the anus, situated at the 
posterior end of the body. There are no Malpighian cseca. 
Two very large ramified tubular glands, which secrete the 
viscid matter of which the web is composed, lie at the 
sides^M.the alimentary canal, and open outwards by the 
perforations of the oral papillae. A vessel occupies the 
middle line of the dorsal body- wall, and is probably a heart. 

The respiratory orgaus are the tracheae discovered by 
Mr. Moseley. The numerous pores, or stigmata^ from which 
the tracheae take their origin, are scattered all over the 
surface of the body, one row being median and ventral. 
Each stigma is the outward termination of a short wide 
tube, which, at its opposite end, branches out into a pencil 

2 8 ^ « 
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of fine tracliese, which rarely divide, and are distributed in 
great abundance to the viscera. They are very delicate 
tubes, which often take an undulating course, and are 
rarely more than yj^^ -th of an inch in diameter. In 
optical section, their walls have a finely beaded appearance, 
as if from the presence of transverse thickenings, though 
distinct transverse mai’kings are rarely to be seen. 

The nervous system, as Milne-Edwards discovered, 
consists of two ganglia in the head, closely united above 
the oesophagus. From each of these a relatively stout 
longitudinal cord proceeds, overlying the bases of the feet 
(and hence widely separated from its fellow) to the 
posterior extremity of the body. As Grube has stated, there 
are no distinct ganglia on this cord. On the contrary, 
ganglionic cells appear to be pretty evenly distributed 
along its ventral face, throughout its length ; and nerves, 
which pass transversely outwards and inwards, are given 
off from opposite sides of it at short intervals. Grube has 
shown that many of the branches that take the latter 
direction are commissures between the two cords. 

The muscles of Peripatus are not striated, which is a 
curious exception to its generally well-marked arthropod 
charaicteristics. 

Mr. Moseley has proved that the sexes are distinct. The 
ovary is small, divided by a median septum into two lobes, 
and lies beneath the alimentary canal. The oviduct, at 
first single, divides into two branches, which are long, and, 
posteriorly, present uterine dilatations. They then unite, 
and terminate by a short vagina on the ventral aspect of 
the rectum. The testes are ovate bodies, each with a 
C80cal appendage. The long and coiled vasa deferentia 
unite into a common duct, which opens in the same 
position as in the female. The oya are developed within 
the uterine dilatations of the oviducts.* 

* One of the Bpecimens which I of the spirit in which it had been 
examined was a pregnant female, preserved, in such a manner, that 
but the viscera were glued to- little could be made of their struc- 
gether, apparently by the action ture or of that of the embryos. 
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Mr. Moseley has made out the chief points in the develop- 
mental history of Peripatus. 

In an early condition, the embryo is very like that of 
a Scoi*pion, but is folded upon itself, so that the ventral 
aspects of the anterior and posterior halves of the body 
are turned towards one another. As in the Scorpion, 
there is a pair of large procephalic lobes, succeeded by a 
series of segments, from the sides of which, processes — the 
rudiments of the limbs — bud out. The procephalic lobes 
give rise to a kind of hood, the lateral angles of which 
extend over the bases of the first pair of limbs, and join 
with those of the second pair, which are the oral papillae 
of the adult. The first pair of limbs thus become enclosed 
within the hood (the margins of which form the suctorial 
lip of the adult), and developing two chitinous claws upon 
their extremities, like those of the other limbs, they are 
convei'ted into the jaws of the adult animal. It is remark- 
able that the antennae are developed from the anterior 
part of the procephalic lobes; while the chelicerae of 
the Scorpion appear at the posterior margin of these lobes, 
in a position corresponding with that of the first pair of 
limbs, or jaws, of Peripatus. 

It is obvious that whether we consider the appendages, 
the respiratory and reproductive systems, or the develop- 
ment of the embryo, Peripatus is a true Arthropod, ap- 
parently nearly allied to the suctorial Myriapoda. 

The Myzostomata. — The genus Myzostomum* compre- 
hends certain small animals, the largest species not exceed- 
ing |th of an inch in length, which are parasitic upon 
the Feather-stars. The body has the form of a flattened 
oval disk, the surface of which is ciliated, while its margins 
may be produced into as many as twenty short filamen- 
tous processes or cirri. Within the margin of the ventral 
face are eight suckers, four on each side, and, internal 
to these again, are ten short conical ‘feet,' five on each 
side; each of these lodges two strong setae, which can 

* See Loven, ‘ Archiv fiir Naturgeschichte,' 1842. 

2 s 2 
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be protracted and retracted in the same way as those of 
Annelids. Just within the middle of the anterior margin 
lies a rounded aperture, through which a muscular pro- 
boscis, the free end of which is beset with papillae, can be 
protruded. A straight alimentary canal runs through the 
body, and terminates in a sort of cloaca, which opens in 
the middle line on the posterior margin. From each side 
of the alimentary canal long ramified caeca are given off. 

No vessels or organs of circulation have been discovered. 
All that is known of the nervous system is an elongated 
ganglionic mass, from which branches are given off on each 
side, situated in the middle line of the ventral face of the body. 

The sexes are combined in the same individual. The 
acini of the generative glands are scattered through the 
body. Those of the testes pour their contents into ducts, 
which unite together and open by a separate vas deferens on 
each side of the body, about the middle of its ventral face. 
The two oviducts convey the ova to the cloacal chamber. 

The development of Myzostomum has been worked out by 
Semper and by Metschnikoff.* The vitellus undergoes 
complete division, and the embryo leaves the egg as an oval 
morula, covered with vibratile cilia. In the next stage 
observed, the embryo is cylindroidal, and is provided with 
a mouth at one end and an anus at the other. The com- 
mencement of the straight and simple alimentary canal has 
the form of a muscular bulb or proboscis. There are two 
pairs of rudimentary appendages, each containing two 
setae. The number of the setigerous appendages in- 
creases up to five pairs, and the intestine begins to show 
indications of diverticula ; but, in the latest stage observed, 
the cirri had not made their appearance, and the body was 
atill comparatively narrow. 

Metschnikoff regards Myzostomum as a parasitic form of 
a polychsetous Annelid ; and there is much to be said in 
favour of this suggestion; though, in some respects, it 
rather approaches the Hirudinea. 

* Semper, “ Zur Anat. und Ent- schrift fiir Wi8S. Zoologie/ IS?.*!.) 
wickelungsgeschichte der Gat- “ Zur Entwickelungsgeschichte 
tj}Dg Myzostomum.” (‘Zeit- von Myzostomum ” (/to. 1866). 
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The presence of cilia on the surface of the body and of 
protractile setse in the parapodia excludes Myzostomwm 
from the Arthropoda ; while Metschnikoff has justly com- 
pared its larval state with that of Syllis. Sufficient doubt, 
however, still adheres to the determination of the time 
place of Myzostomum, to lead me to discuss it apart from 
the Annelids. 

The Enteropneijsta. — The very singular animal Balano^ 
glo8SU8, which is the only known example of this group, is 
an elongated, apodal, soft-bodied worm, with the mouth at 
one end of the body and the anus at the other (Fig. 153, III.) 
The mouth is surrounded by a sort of collar or prominent lip, 
within the margin of which springs a long proboscidiform 
median appendage, which is hollow within and has a terminal 
pore. On the same side as that from which the proboscis 
springs, the anterior region of the body presents an elon- 
gated, somewhat flattened area, bounded by raised longi- 
tudinal folds. On each side of this area is a longitudinal 
series of apertures — the branchial apertures. The latter 
communicate with saccular dilatations of the anterior part 
of the alimentary canal, and these branchial sacs are sup- 
ported by a peculiar skeleton, 

No nervous system, nor any organs of sense have yet 
been certainly made out. 

According to Kowalewsky,* who was the first to elucidate 
the true nature of Balanoglossus, the vascular system 
consists of a dorsal and a ventral vessel. At the posterior 
end of the branchial region, the former divides into a 
superior and an inferior dorsal, and two lateral, trunks. 
The superior trunk passes forwards ; and, at the anterior 
end of the body, divides into two descending branches, which 
unite with the ventral trunk. The inferior dorsal trunk 
supplies the branchiae, of which the lateral trunks are the 
efi’erent vessels. 

For the pharyngeal branchiae of Balanoglossus, the only 

• ‘ Anatomic des Balanogossus.* Mem. de I’Acad. Imp. de St. 
Petersbourg,’ 1866.) 
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parallels to be found are among tbe Tunicata and the Verte- 
hrata. On tbe other hand, the larval form of this anomalous 
creature is generally Annelidan or Turbellarian, with very 
close and special resemblances to the Echinopsedia of some 
Echinodermata. 

The young of Balanogloasus was first obseiwed by Muller, 
who called it Tornaria, and regarded it (as did all succeeding 
observers, until its true nature was discovered) as an Echino- 
derm-larva, on account of its extraordinary resemblance to 
the larvae of some Star-fishes (Eig. 153, I.). 

It is an elongated ovoid body, provided with three bands 
Fig. 153. 



Fi^ 153, ~ Balanofflossus. (After A. Agassiz.) 

I. The Tornaria larva, side view (about ^ of an inch long), a, anus ; 
6, vessels leading to the dorsal pore {d) from w, the sac of the water- 
vascular system ; w' prolongation of the sac ; h, heart; intestine; 
8f stomach ; o, oesophagus : m, mouth ; «, u\ lobes of the alimentary 
canal; muscular band running from the eyespeck (e) to the 
water-vascular sac. 

II. A young letters as before except g, the first formed 

branchial stigmata. 

III. A more advanced Balanoglossus ; e, the collar ; jo, the proboscis, 
of cilia, one of which is pra)-oral, while the other two are 
post-oral. Of the latter, one, at the posterior end, is circular, 
while the other is inclined obliquely to the axis of the body, 
so that anteriorly and superiorly it reaches the anterior 
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extremityj while posteriorly it occupies nearly the middle of 
the body. On the ventral face, a deep groove separates it 
from the prse-oral ciliated band, and in this groove the 
mouth is situated. The margins of the prse-oral and post- 
oral ciliated bands are deeply sinuated, and they come into 
contact in the median dorsal line. A wide gullet leads from 
the mouth, and opens into the gastro-intestinal portion of the 
alimentary canal, which passes backwards in the middle line, 
to terminate in the anus, at the hinder end of the body. 
About the middle of the dorsal face of the body there is a 
circular pore (Fig. 153, 1 d), whence a canal leads to a rounded 
sac, which lies on the junction between the gullet and the 
stomach. The sac gives off two lateral short diverticula, 
which embrace the oesophagus. A delicate band, apparently 
of a muscular nature, connects the summit of the water-sac 
with that part of the dorsal aspect of the body at which the 
prse-oral and post-oral ciliated bands unite. Here two eye- 
spots are developed. A constriction separates a rounded 
gastric, from a tubular intestinal, division of the alimentary 
canal. Diverticula of the gastro-intestinal part of the 
alimentary canal give rise to two pairs of discoidal bodies, 
from which, apparently, the mesoblast and the perivisceral 
cavity of the Balanoglossus are developed. 

From the sides of the oesophagus, a series of diverticula 
are given off, which unite with the ectoderm, open extern- 
ally, and become the gill-pouches. When only two of these 
branchial apertures are formed, they are said by Metschni- 
koff to have a striking resemblance to those of Ajp'pendicu- 
laria. A pulsating vesicle— the so-called “ heart,”— makes 
its appearance close to the water-sac. The anterior end of 
the body, in front of the mouth, now elongates, and is con- 
verted into the proboscis ; while the post-oral region loses 
its ciliated bands, and lengthening, becomes the long body 
of the adult worm.* (Fig. 153, II. III.) 

♦See Affassiz, “The History gen uber die Metamorphose eini- 
of Balanoglossm and Tornaria;* ger Seethiere.” (‘ Zei^chrm tur 

Memoirs of the American Aca- Wissenschaftliche Zoologie, xx. 
demy of Arts and Sciences,’ 1873) ; 1870) 

and Metschnikoff, “ Untersuchun- 
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The Oh^tognatha. — The genus SttgiUa,^ which is the 
only member of this group, comprises several species of 
small animals which are found swimming at the surface of 
the ocean in all parts of the world. Although the whole 
structure and course of development of Bagitta are now 
very well known, its true aiBBnities are not definitively 
settled. Anatomically, it approaches the Nematoid worms 
and the oligochsetous Annelids in some respects; but its 
development presents peculiarities which are as yet un- 
known among these animals, while they occur among the 
Brachiopoda and the Echinodermata. 

The body of Bagitta (Fig. 154) rarely more than an inch 
long, is elongated, subcylindrical and unsegmented ; it is en- 
larged at one end into a rounded head, while at the other it 
tapers to a point. There are no parapodial appendages, but 
the chitinous cuticle is produced into a finely striated lateral 
fin, on each side of the body and tail, and into delicate setae. 
On each side of the head there are a number of strong, 
curved, claw-like chitinous processes, which can be later- 
ally divaricated and approximated, and serve as jaws. 
Between them is the mouth; and, at the sides of the mouth, 
are four sets of short but strong spines. The mouth leads 
into a simple and straight intestine, which opens by an 
anus situated on the ventral face of the body, where the 
tapering caudal region commences. A dorsal and a ventral 
mesenteric band connect the intestine with the wall of the 
body, and divide the perivisceral cavity into two chambers. 
Beneath the ectoderm lies a layer of longitudinal, striated, 
muscular fibres. The nervous system consists of a large 
oval ganglion, which lies in the middle of the ventral wall 
of the body, and sends off anteriorly two commissural cords, 
which unite with a supra-oesophageal ganglion. Among 
other branches, this gives off two to the dorsal side of the 
head; these dilate at their extremities into spheroidal 
ganglia on which the eyes rest. The ovaries are elongated 
tubular organs, which lie one on each side of the intestine, 

* See Busk, * Quarterly Journal of Microscopical Science,* 1856. 
Leuckart and ragenstecher, ‘ Archiv fur Anatomie,’ 1858. 
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attached to the parietes of the body. Their ciliated ducts 
open close to the vent and are provided with dilatations 


Fig. 154. 



Fig. 154. — Sagitta hipunctata. — a, the head with its eyes and appen- 
dages ; 6, the anus ; c, the ovary ; c?, the testicular chambers, 

which serve as receptacnla seminis. Behind the anus, the 
mesenteric laminsB unite and form a vertical partition, 
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which divides the cavity of the caudal part of the body into 
two chambers. On the lateral walls of these, cellular masses 
are developed, which become detached, and, floating freely 
in the perivisceral fluid, are developed into spermatozoa. 
The latter escape by spout-like lateral ducts, the dilated 
bases of which may be regarded as vesiculse seminales. 

Thus far, although the organisation of Sagitta is very 
peculiar, it presents analogies both with the Nematoidea and 
with the Annelida. But its development, as described by 
Kowalewsky,* is, in some respects, unlike anything at 
present known in either of these groups. Telk-division 
takes place, as usual, and converts the egg into a vesicular 
morula, with a large cleavage cavity, or blastoccele. One 
face of the vesicle thus constituted now becomes invagi- 
nated, with the effect of gradually obliterating the blasto- 
coele, and converting the spherical single-walled sac into a 
hemispherical, double- walled, cup- shaped gastrula. The 
cavity of the cup is the future digestive cavity ; the layer 
of invaginated blastodermic cells which lines this cavity 
is the hypoblast, which will become the endoderm; and 
the outer layer of cells is the epiblast, and will become 
the ectoderm. In this condition, the embryo resembles 
that of the Leech in its early state. The embryo elongates, 
and the aperture of invagination, or blastopore, eventually 
ceases to be discernible. Whether it becomes the anus, or 
whether the anal aperture is formed anew, is not certain. 
The nervous ganglia result from the modification of cells 
of the ectoderm. The anterior end of the primitive 
alimentary cavity, or archenteron, is at first closed. It soon 
sends out an enlargement on each side, so that the archen- 
teron is divided into a central and two lateral divisions. 
The central division opens externally and anteriorly by 
the development of the oral aperture; and, as the body 
elongates, it becomes the tubular intestine. The lateral 
diverticula at first communicate with it, but they are 
eventually shut off, and constitute the right and left 

* ‘ Memoires de TAcadcmie Imperiale des Sciences de St. Peters- 
bourg," 1871. 
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perivisceral cavities, their vralls becoming converted into 
the cellular and muscular lining of those cavities. It 
results, from the mode of development of the perivisceral 
cavity of Sagitta, that this cavity, like the perivisceral 
cavity of the Brachiopods and the “ peritoneal ” cavity of 
the Echinoderms, is an enterocoele, comparable to that of 
the Hydrozoa and Actinozoa ; but which, instead of remain- 
ing in communication with the alimentary cavity, is shut 
off from it, its wall becoming the mesoderm, and its cavity 
the perivisceral cavity.* 

Nothing of this kind is known to occur in the Turhellaria, 
Annelida, Nematoidea, or Botifera ; but when a peri- 
visceral cavity exists in these animals, it appears always to 
result from the excavation of the, at first, solid mesoblast. 
The perivisceral cavity thus developed is what I have 
termed a schizocoele. But whether there is any funda- 
mental difference between an enterocoele and a schizocoele is 
a matter for further inquiry. I have referred above (p. 
565) to the case of an Ophiurid, in which the hoUow diver- 
ticula of the archenteron, characteristic of the Echinoderms, 
are represented by solid outgrowths of the hypoblast. 
From this condition there would appear to be an easy 
transition to that presented by the embryos of those 
Oligochceta and Hirudinea, in which, though the mesoblast 
is a product of the h 3 rpoblast, it contains no continuation 
of the alimentary cavity, but eventually splits into a 
visceral and a parietal layer, the interval between which is 
the perivisceral cavity ; and there is much probability in 
Kowalewsky’s suggestion that the longitudinal bands 


* Kowalewsky’s account of the 
development of Saffitta has been 
confirmed by Butschli * who has 
further determined the origin of 
the reproductive organs, which 
arise as outgrowths from the 
hypoblasrt; and the division of 
each primitive enteroco0le into 
two sacs, one for the head, ana 
another lor the body. It appears 


probable that the latter becomes 
subdivided by a transverse par- 
tition between the ovary and 
testis. Butschli suggests that 
the segmentation of the meso- 
blast, which forms the walls of 
the enterocoele, is a point of ap- 
proximation between Sagitta and 
the Annelids. 


1 “ Zur Entwickelungsgeschichte der Sagitta.” (‘ Zeitschrift fOr Wise. Zoologie/ 
1873 .) •• 
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{Keimatreifen) in which the mesoblast makes its appearance, 
may be homologous with the diverticula of the alimentary 
cavity of Sagitta. 

In this case, the schizocoele will be an advance upon the 
enterocoele, and the development of the perivisceral cavity 
in Sagitta may represent the primitive mode of develop- 
ment of all invertebrate perivisceral cavities. On the 
other hand, it must be remembered that between the 
endoderm and the ectoderm in the disk of a Medusa, or in 
the body of a Ctenophoran or Turbellarian, there is a 
gelatinous mesoderm which occupies the position of the 
primitive blastoccele. Now, this mesoderm may be, and 
probably is, a product of the endoderm ; but any cavities 
which appear in it, such, for example, as the water-vascular 
canals of the Twrbellanria, can have nothing to do with an 
enterocoele. 

Again, in the Tunicata^ as we have seen, the atrium is 
a kind of ‘‘ perivisceral cavity,” which is formed either by 
an invagination of the ectoderm, in which case it may be 
termed an ejpiccele ; or else it is a true enterocoele. Assuming 
the former alternative, for the moment, to be that which 
ought to be adopted, what is called a “ perivisceral cavity ” 
may be one of four things : — 

1. A cavity within the mesoblast, more or less repre- 
senting the primitive hlastoccele. 

2. A diverticulum of the digestive cavity, which has 
become shut off from that cavity (enterocoele). 

3. A solid outgrowth, representing such a diverticulum, 
in which the cavity appears only late (modified enterocoele 
or schizocoele), 

4. A cavity formed by invagination of the ectoderm 
(epicoele). 

And whether any given perivisceral cavity belongs to one 
or other of these types can only be determined by working 
out its development. 

The Nematoidea. — The “ Thread- worms ” have elon- 
gated rounded bodies, which usually taper towards one or 
f oth ends ; they are not divided into segments, and they 
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are devoid of limbs, though they may occasionally be pro- 
vided with setiform spines or papilla?. In Besmoscolex, the 
papillae and setae acquire an almost Annelidan aspect, and the 
annulation of the body is much more distinct than in any 
other Nematoid Worm. 


Fig. 155. 



Fig. 155. — Anguillula brev'rpinus (after Claus).* 

I, male ; 11, female ; 111, female genital organs ; IV, seminal corpuscles 
in different stages of development. 

a, oesophagus; a', chitinised oral capsule; c, gastric, and rf, rectal 
portion of the alimentary canal. A, anus ; gg\ anterior and posterior 
thickenings with their commissures ; G, sexual aperture ; F, fatty- 
looking gland; r, dilatation of the uterus, serving as a recepta- 
culum seminis. D, unicellular cutaneous glands at the anal ex- 
tremity; D', glandular mass with its excretory duct above the 
gizzard; or, ovarium; T', testis; S, seminal corpuscles. 

The outermost layer of the body is a dense chitinous 
cuticula, usually divisible into several layers. These layers 

* “ TJeber einige in Humus lebcnde Anguillulinen.” (‘ Zeitschrift 
fiir Wiss. Zoolojue/ aui.) 
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may be fibrillated, the direction of the fibrillation being dif- 
ferent in the successive layers. Cilia are found neither on 
the surface, nor elsewhere, at any period of life. The mouth 
is situated at one extremity of the body, the anus at, or near, 
the other end. The first portion of the alimentary canal is 
a thick- walled pharynx, lined by a continuation of the 
chitinous layer of the integument, which may be raised 
up into ridges or tooth-like prominences. Transverse fibres, 
apparently of a muscular nature, radiate from the lining 
of the pharynx through its thick wall, and probably serve 
to dilate its cavity. A straight and simple tubular ali- 
mentary canal, without any distinction into stomach and 
intestine, extends through the axis of the body, a narrow 
oesophageal portion usually connecting it with the pharynx. 

The endoderm, or wall of the alimentary canal, consists 
of a single layer of cells, disposed in few or many longitu- 
dinal series ; and lined, both internally and externally, by a 
cuticular layer. On each side, the intestine is fixed through 
its whole length to the “ lateral area,” to be described 
below. The cuticle, which lines the inner faces of the 
endodermal cells, and circumscribes the digestive cavity, 
appears, on vertical section, to be divided into rods, which 
are possibly merely the intervals of minute vertical pores. 
In some cases, muscular fibres invest the posterior portion 
of the intestine. 

Beneath the layers of the chitinous cuticle there is a 
proper integument, or ectoderm, internal to which again is 
a single layer of longitudinally-disposed muscles, which may 
or may not be divided into distinct series of “ muscle-cells.” 
The space between these and the outer face of the intestine 
is occupied by a spongy or fibrous substance, which must 
probably be regarded as a kind of connective tissue. . The 
muscles and this tissue, taken together, constitute the 
mesoderm. 

In the typical Nematoidea, the muscular layer does not 
form a complete investment of the body, but is interrupted 
along four equidistant longitudinal lines. One of them is 
termed dorsal, the opposite ventral, and both these are very 
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narrow. The other two are much broader, and are termed 
the lateral areas. They often (Fig. 156) present two or 
more series of conspicuous nuclei, and each is traversed 
by a canal with well-defined contractile walls and clear 
contents. Opposite the junction of the oesophageal with 
the gastric portion of the alimentary canal, each of these 
lateral canals passes inwards and towards the mid-ventral 
line, and, joining with its fellow, opens by a pore on the 
exterior. In some cases, continuations of the lateral canals 
extend forwards into the head. 

A ring of fibres and nerve-cells surrounds the gullet, 

Fig. 156. 



Fig. 156. — Oxyuris . — a Mouth, ft. Pharynx, c. Commencemont of in- 
testine, and c/, its termination. The intermediate portion is not 
figured, e. Genital aperture, f. Opening of vessels, g. Their re- 
ceptacle. h. One of the vessels, i. Cellular matter enveloping 
them. A portion of one of the contractile vessels is represented 
more highly magnified in the upper figure. 

about the level of the opening of the water- vascular system, 
and gives off filaments forwards to the head, and backwards 
to the muscles and to the lateral area ; while two cords pass 
back, along the dorsal and ventral median lines, to the hinder 
end of the body. In the males of some species, nervous 
ganglia have been observed in the neighbourhood of the 
sac of the spicula.* Organs of sense are not certainly 

^ The question of the structure system in the Nematoidea is, per- 
and disposition of the nervous haps, not even yet completely 
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known to exist, unless the pigmented spots on the nervous 
ring of some free Nematoids have this character. 

The Nematoidea are for the most part dioecious. In the 
females, the reproductive aperture is usually placed towards 
the centre of the body ; in the males, it is always situated 
at or near the posterior extremity. 

The female apparatus (Fig. 155, III.) consists of a vagina, 
with which is connected a single, or double, elongated, 
tubular, organ, which tapers to a point at its blind ex- 
tremity, and is at once ovarium, oviduct, and uterus. The 
csBcal end is occupied by a nucleated protoplasmic mass. 
Further on, this mass becomes differentiated into an axile 
cord of protoplasmic substance — the rhachis — and peri- 
pheral masses, each containing a nucleus and connected by 
a stalk with the rhachis, which are the developing ova. 
Still further on, in the oviducal portion of the tube, the 
ova become free; while, in the uterine portion, they are 
impregnated, and acquire a hard, often ornamented, shell. 

The testis is, generally, a single ceecal tube, in the blind 
end of which cells are developed, much in the same way 
as in the ovary: they become free in that part of the 
tube which plays the part of a vas deferens. Contrary to 
what happens inmost animals, these spermatozoa retain the 
character of cells, and may even exhibit amoeboid movements. 
The deferential end of the testicular tube opens into a sac 
close to the anus, from the dorsal wall of which one or two 
curved chitinous spicula are developed. These are intro- 
duced into the vulva of the female when copulation takes 
place, and appear to distend it, in order to allow of the free 
passage of the seminal corpuscles into the vagina, and thence 
into the uterus. In the female organs, the seminal cells 
undergo further changes, and eventually enter into, and 
coalesce with, the substance of the ova. 

Telk-di vision follows impregnation. The oval morula 

decided; but there is much below ; and especially Biitschli, 
evidence in favour of what is here “ Beitrage ’zur Kenniniss des 
stated. See Leuckart, * Die Nervensystems der Nematoden.” 
Mcnschlichen Parasiten ;* the (‘ Archiv fiir Mikr. Anatomie/ 
monograph of Schneider, cited 1873.) 
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becomes indented on one side, and the embryo, as it grows, 
folds itself in accordance with this indentation. In most, 
it would appear that the central cells of the solid momla 
are differentiated from the rest to form the endoderm, 
which thus arises by delamination. But Biitschli* has 
recently shown that the morula, which results from the 
division of the vitellus of Cucullanus eleganSy has the 
form of a flattened plate, composed of two layers of 
blastomeres, the blastocoele being reduced to a mere fissure. 
The lamellar blastoderm next becomes concave on one 
side, convex on the other, and passes into the gastrula 
form. The blastopore, at first very wide, gradually narrows 
and appears to be converted into the oral opening of the 
worm. The mesoblast takes its origin from certain cells 
of the hypoblast, which lie close to the mouth, and grow 
thence towards the caudal extremity. The resemblance of 
this developmental process to that of Lumbricus is obvious. 

The female reproductive appari'tus is, at first, represented 
by a solid cellular body which lies in the mesoderm ; though 
whether it originally belongs to this, or to the ectoderm, or 
to the endoderm, is not clear. The cellular body acquiree a 
tubular form, and eventually opens externally by uniting 
■with an inward process of the ectoderm, which gives rise 
to the vagina. 

The young cast their cuticle twice — first, when they leave 
the egg, and, again, when they acquire their sexual organs. 

The Nematoidea have been dmded into three principal 
groups t — Polymyariay Meromyaria, and Holorn/yaria — cha- 
racterised by the nature of their muscular system. 

* “ZurEntwickelungsgeschich- Anguillulidse ^ (Trana. Linnean 
te des CucuUanuseUgann:' (‘ Zeit- Sof-ietj’, ; and ‘ On the Ana- 

schriftfiir Zoologie,’ 18:6.) Uallez tomy and Physiology of the Nema> 
(‘ Revue de- Sciences Naturelles,’ toids’ (Phil. Trans. 1866); and 
1877)ha8 ob««erved a simihir pro- several memoirs by Buti^chli. 
cess in Anguiliula acatiy but he Tiie latter affirms that the muscles 
denies that the blastopore becomes are as much made up of rnusole 
the mnuth. cells in the ‘ IJohmgariay as in the 

t Schneider, ‘ Monographic der rest. (“ Giebt es Holomyarier ? ” 
Nematoden,’ 1866. See also ‘Zeitschrift fur Wiss. Zooloi^^,.* 
Bastian, ‘Monograph of the 1873.) 
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In the Polymyaria, tlie muscles of the parietes of the body- 
are divided into many series, each made up of many “ muscle 
cells.” In the Meromyaria there are only eight longitudinal 
series of such muscle cells, t-wo between each lateral area and 
the dorsal and ventral lines respectively. In the Holomyaria 
the muscles are not divided into series of muscle cells. 

The first two divisions contain only such genera as answer 
to the general description just given ; but, in the Holomyaria, 
there are included several aberrant forms. Thus, Tricho- 
cephalus has no lateral areas ; Ichthyonema has no anus ; 
Mermis has no anus and the alimentary canal is rudimentary ; 
though it possesses the lateral areas, and the males have 
spicula. Gordius has no lateral areas, and only the ventral 
line ; the alimentary canal is reduced to a rudiment, with- 
out either oral or anal aperture, and the male has no spicula. 
In both these genera, the anterior ends of the embryos are 
provided with spines, which aid them to bore their way into 
the bodies of the insects on which they are parasitic. In 
Sphoerularia the alimentary canal is similarly rudimentary, 
and Sir John Lubbock discovered that the small male 
becomes permanently adherent to the female. 

Some Nematoidea {e.g. Leptodera, Pelodera) live in water 
or damp earth, and are never actually parasitic ; but they 
require abundant nitrogenous food in order to develope 
their sexual organs, and hence they are found in the sexual 
state only among putrefying vegetable or animal matters. 
The sexless worms, which live in moist earth, are at once 
attracted by nutriment, such as a few drops of milk.* 
Here they multiply with great rapidity as long as the store 
of food lasts ; but, when it is exhausted, the last hatched 
young wander away. In the course of their wanderings, 
the embryos enter into the larval condition; but, before 
doing so, they become twice as large as those which attain 
the larval state in putrefying substances. The embryonic 
'cuticle becomes thickened, and its oral and anal apertures 
closed, 80 that it forms a cyst for the larva. The larva, 
however, is not restrained by this cyst from moving about 
* Sdhneider, t c. pp. 362-3. 



THE HEMATOIDEA. 


643 


and continuing its wanderings, though, at length, it passes 
into a quiescent condition. Its inner substance, at the 
same time, becomes dark by transmitted light, in consequence 
of the accumulation of small fatty granules ; and, if this 
state of things lasts long, the larva dies. If the larvae 
should dry up, the circumstance tends to their preservation. 
The embryonic cuticle is separated, and forms a protective 
cyst ; and, when moistened, the larvae resume their vital 
activity. 

Nematoid worms belonging to naturally free and non- 
parasitic genera may enter, and become encysted in, worms 
and slugs; but they only attain their sexual state when 
their host dies, and they are nourished by the products 
of its putrefaction. 

Angnillula scandens, the Nematoid which infests and 
gives rise to a diseased condition of the ears of wheat, is 
a true parasite. The young are hatched from the eggs 
laid by the parent in the infected ear, and there become 
encysted. When the wheat dies down, the larva3 are set 
free, and wander on the moist earth, until they meet with 
young wheat plants, up which they creep, and lodge them- 
selves in • the developing ears. Here they acquire the 
sexual condition, nourishing themselves at the expense of 
the inflorescence, which becomes modified into a kind of gall. 

Most Nematoids found in the alimentary canal of animals 
are parasitic in the sexual state, but have a longer or 
shoi’ter period of freedom as larvae or as eggs. But some, 
as Cucullanus elegans, are parasitic both in the sexless and 
the sexual condition ; inhabiting Cyclops, while in the 
former state, and sundry fresh-water fishes, particularly 
the Perch, in the latter. 

Trichina spiralis* acquires its sexual state in the ali- 
mentary canal of Man, of the Pig, and other mammals ; 
but the young, set free in the alimentary canal, bore their 
way through its walls, and enter the fibres of the voluntary 
muscles, in which they become encysted in the sexless 
state. If the flesh thus trichinised be eaten, the Tricldnm 
* Leuckart, ‘Untersuchungen liber Trichina spiralis, 

2 t*2 
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are set free, acquire their sexual state in the alimentary 
canal, and the thousands of embryos which are developed 
immediately bore their way into the extra-alimentary tissues 
of their host. 

The insect parasites, Gordius and Mermis, are sexless so 
long as they are parasitic ; hut, when they have attained 
their full growth, they leave the body of their host, acquire 
sexual organs, copulate, and lay eggs. From these, embryos 
proceed, which bore their way into the bodies of insects. 

It has been stated that the Nematoidea are, for the most 
part, dioecious. Schneider has, however, discovered certain 
species of the non -parasitic genera, Leptodera and Pelodera, 
which always have the external appearance of females, but 
in the ovarian tubes of which spermatozoa are developed, 
and impregnation takes place. This was placed beyond 
doubt by isolating embryos of these Nematoids, and tracing 
out the development of the spermatozoa, which result from 
the subdivision of the first cells developed from the rhachis. 
After a time, the development of spermatozoa ceases, and 
the cells separated from the rhachis become ova, which 
are impregnated by the already formed spermatozoa. 
These Nematoidea are probably the most complete and 
necessary hermaphrodites known in the animal kingdom. 

Ascaris nigrovenosa is parasitic in the lungs of Frogs and 
Toads, and attains a length of three-quarters of an inch. 
It has the characters of a female, and no male has ever 
been met with, but spermatozoa are developed in the ovaries 
in the same manner as in the preceding forms. 

The eggs of this Ascaris are discharged, and the embryos 
find their way into the intestines of the Amphibian in which 
they are parasitic. Here they become males and females 
which are very much smaller than the hermaphrodite form, 
(not exceeding one-twentieth of an inch in length) and other- 
wise different from it. They are evacuated with the faeces of 
the frog, and passing into damp earth or mud, the females 
give rise to a few eggs. Embryos are developed from these 
eggs within the body of the mother, the organs of which 
they destroy, until her cutielo forms a mere case for them. 
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The free embryos, introduced into the frog’s mouth, pass 
into the lungs, and take on the characters of the large 
hermaphrodite forms. It is not unlikely that the Guinea 
worm (Filaria medimnsis), which infests the integument of 
Man in hot climates, may answer to the hermaphrodite 
stage of a similarly dimorphous Nematiud, though its mul- 
tiplication has hitherto been supposed to take place 
agamogenetically. 

The many points of resemblance between the Nematoideay 
the Oligochoita, and the Polychosta have been indicated by 
Schneider. I^hey differ, however, from these, no less than 
from the Turhellaria and Rotiferay in possessing only 
longitudinal parietal muscles. In this respect they agree 
with Rhamphogordius and Polygordius (united by Schneider 
into the group of Gymnotoma)y* which are segmented worms, 
devoid of seta3, but possessing mesenteries, segmental 
organs, and pseud-hajmal vessels. Polygordius has a telo- 
trochous larva, and in its development, as in other respects, 
it is extraordinarily like a polychatous Annelid. 

Biitschlijf on the other hand, dwells upon the connexion 
between the Nematoldea and the Gaaterotricha (see Chap. IV. 
p. 192) and Atricha (Echinoderes) which he includes in the 
group of Nematorhynchay on the one side, and the lower 
Arthropods, such as the Tardigrada, on the other. 

The Physemaria. — Since the completion of the third 
chapter of this work, Haeckel J has published an account 
of certain low Metazoa, constituting the two genera, Hali- 
physema and Gastrophysema, which had previously been 
confounded, partly, with the Sponges and, partly, with the 
Protozoa. 

These are minute marine bodies, having the form of cups 
with longer or shorter stalks, by which they are atta(‘hed. 
The cavity of the cup into which the wide or narrow oral 

* See SMjtjm, p. 1 86, nofe. Ludwig, “ ITeber die Ordnung 

t “ Untersuchungen uber frei- Gastrotricha ” ). 

lebende Neinatoden und die J ‘ Biologische Studien,’ Heft 2, 
Gattung ChiBtonotus” (‘ Zeitschrift 1877. 

f. Wiss. Zoologie,’ 1876). See also * 
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opening leads, is either simple {Haliphysema) or divided by 
circular constrictions into two or more communicating 
chambers {Gastrophysema). The wall is composed of two 
layers, an ectoderm and an endoderm — the latter being 
formed by a single layer of flagellate cells, like those of 
sponges ; and a series of larger flagellate cells are disposed 
in a spiral, on the inner face of the endoderm near the 
mouth. The ectoderm is a syncytium, which attaches foreign 
bodies, such as sponge spicula or skeletons of Foraminiferay 
to itself, and thus becomes provided with an adventitious 
skeleton, the nature of which varies in different species, but 
is constant for each. Reproduction is effected by ova, which 
are said to be modified cells of the endoderm. In Gastro- 
phyaema, the endoderm of the innermost chamber alone 
gives rise to ova. The place of development of the sper- 
matozoa has not been made out. 

Yelk division is complete and regular, and gives rise to 
a vesicular morula {archihlastula of Haeckel) each cell of 
which is provided with a flagellate cilium. A gastrula 
arises by invagination, but the final stages of development 
have not been made out. 

As Haeckel points out, the Fhysemaria are obviously 
related, on the one hand to the Forifera, and on the other 
to the Coslenterata ; in fact, they very nearly represent the 
morphological common plan of which these two groups are 
modifications. 

The Acanthocephala. — In their sexual state, the para- 
sites which constitute the genus EchinorhyncJms inhabit 
the various classes of the Vertebrata, while they are found 
in the Invertehrata only in a sexless condition. 

The EchinorhyncJms of the Flounder (Fig. 157), the struc- 
ture of which may serve as an illustration of that of the 
group, inhabits the rectum of that fish, which it pierces in 
such a manner that the anterior extremity or head pro- 
jects, enclosed within a cyst, upon the peritoneal surface, 
while the body hangs freely into the cavity of the intestine. 
Where the worm traverses the wall of the rectum it pre- 
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sents a mucli constricted neck (Fig. 157, f). It would appear 
that, eventually, the JSchinorhynchi completely pass out of 
the intestine, as they are found enclosed in detached cysts 
lying in the peritoneal cavity. The anterior extremity of 
the Echinorhynchus is produced into a short cylindrical 
proboscis, covered with many rows of recurved hooks, and, 
behind this, it forms a dilatation, in which the integument 
and the muscular coat are separated by a considerable in- 


Fig. 1.57. 



Fig. 1.57. — Ecliinorhynchus, A. Diagram exhibiting the relative position 
of the organs, a. Proboscis, h. Its stem. c. Anterior enlargement 
of the body. /. Neck or constriction between the anterior en- 
largement and the rest of the body, d. e. Posterior “ funnel.” y. 
Meniscus, h, Superior oblique tubular bands, k. Inferior muscles 
of the proboscis. /« m. Genitalia, o. Penis, or vulva. P. Lower 
extremity of the stem of the proboscis, a. Ganglion, b. Vascular 
space, d. Outer coat. c. Inner wall. e. Tubular band, with the 
nerve. A,/. Muscular bands, g, Suspensorium of the genitalia. 
C. Part of the female genitalia, a. Ovary, hh. Ducts leading 
from ovary to uterus, spermiducts (?). c. Open mouth of oviduct. 
d, e. Uterus and vagina. 

terval. The body, behind the constricted neck, which 
separates it from this anterior dilatation, has a thick, 
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yellowisli, outer wall, between wbicb and tbe inner muscular 
tunic lies a system of vessels, consisting of two longitudinal 
trunks, connected by a network of anastomosing canals. 

These canals do not appear to possess distinct walls, nor 
are any cilia visible in them; but the minute molecules 
which float in the clear fluid which they contain, are driven 
to and fro, apparently by the contraction of the body, 
Inferiorly, the vessels all terminate in blind canals, disposed 
around the margin of the posterior funnel. Internal to 
the vessels lies a double layer of anastomosing muscular 
fibrils, the external of which are circular, while the in- 
ternal are longitudinal.* The cavity of tlie body is filled 
with a fluid, in which the ova, or spermatozoa, float, and, 
at its anterior extremity, two elongated oval bodies depend 
from the parietes, and hang freely in it. These are the 
lemnisci ; they are traversed by vessels continuous with 
those of the parietes. The axis of the proboscis is 
continued downwards into an elongated subcylindrical 
stem, rounded below, which hangs down like a handle into 
the cavity of the body. The extremity of the stem is con- 
nected by broad retractor muscles with the parietes, and 
gives attachment to the suspensory ligament of the repro- 
ductive apparatus (Fig. 157, B). Two other bands are 
attached a little above these, and run obliquely forwards 
to the parietes ; they are not mere muscles, as they are ordi- 
narily described, but contain a wide vessel, continuous with 
a large sinus, which separates the axile portion of the stem 
of the proboscis from its investing coat. In the axis of the 
stem of the proboscis is the oval ganglion, which sends off* 
some small branches upwards, and two larger lateral trunks, 
which can be followed into the vessels of the oblique bands ; 
and, in other species, have been traced to the walls of the 
body and to the genital openings. Two ganglia have been 
found by Schneider in this region, in the males. 

There is no mouth or alimentary canal in Echino7'liynchu8, 

* See for an account of the Bauder Acanthocephalen.” (‘Ar- 
remarkable structure of these chiv fur Anatomic,’ 18G8.) 
muscles, Schneider, “ Ueber den 
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the animal being probably nourished by imbibition through 
the walls of the body. The reproductive organs are, both 
in the male and in the female, attaciied by a suspensory 
ligament to the extremity of the proboscis, and extend 
thence, through the axis of the body, to the posterior ex- 
tremity. Here they open in a papilla at the bottom of a 
funnel-shaped terminal dilatation of the body, which exists 
both in the male and in the female, though it is much more 
marked and separated by a constricted neck from the body, 
in the former. On each side of the papilla is an organ 
which has much the appearance of a sucker, but which is 
apparently non-contractile, while the funnel itself undergoes 
constant and rhythmical contractions. 

In the male, the testes are two oval sacs, one behind the 
other, connected by vasa deferentia, often provided with 
peculiar accessory glands, with the genital outlet, which 
is provided with a long penis. In the female, the ovary is 
a single, long, thin-walled, cylindrical tube, the anterior end 
of which is usually empty for a short distance. Further 
back, clear, pale, rounded masses appear, containing cavities 
in which corpuscles, like the genninal spots of ova, lie. 
More posteriorly still, these masses become elliptical, and 
are surrounded by a membranous coat, which gradually 
thickens, and gives rise at each end to a spiral filaments 
which suiTOunds the enclosed egg. The ova thus constituted 
then pass into the cavity of the body, where they accumulate 
in great numbers ; but, in this species, I have not found the 
free floating ovarian masses described in other Eckino- 
rhynchi. From the lower end of the ovarium two short ovi- 
ducts, or rather spermiducts, arfi^, and almost immediately 
unite into a sort of uterus, which is continued into the 
vagina (Fig. 157, 0). The uterus passes above into a short, 
open, funnel-shaped canal, which lies between the two 
oviducts (Fig. 157, C c), and; according to Yon Siebold, takes 
in the ova from the perivisceral cavity by a peculiar 
sw^aUowing action. 

The embryos of the different species of Echinorhynchi 
vary somewhat in structure. Yon Siebold has described 
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those of E. gigasy which are provided with hooks dis- 
posed like those of the Cestoidea, but only four in number. 
Sexless Echinorhynchi have been found in Cyclops and in 
the muscles of fishes. Leuckart states that they acquire 
sexual organs in the alimentary canal of Gadus lota. The 
same excellent observer has succeeded in tracing the de- 
velopment of EcJiirvorhynchus proteus, a common parasite 
of many river fishes, especially the Perch.* What appeared 
to be the sexless condition of the same Echinorhynchus had 
previously been seen by Leuckart in Gammarus pulex. Into 
water containing specimens of this Crustacean, ova from 
E. proteus were transferred. After a few days, these ova 
could easily be detected in the digestive tube of the Gam- 
marus, whilst numerous embryos, escaped from the egg- 
shell, were found within the appendages of the Crustacean. 

Each ovum has two coats ; an outer, albuminous, and an 
inner, chitinous. The first is digested in its progress 
through the alimentary canal; the second is afterwards 
ruptured by the embryo, which bores through the intestinal 
walls into the cavity of the body, and is thence conveyed to 
the site proper for its development. 

The body of the embryo is somewhat fusiform in shape, 
and consists of a colourless, transparent parenchyma, pro- 
tected by a cuticle. The parenchyma may be resolved into 
an outer, homogeneous, contractile layer, and a semi-fluid 
meduUary substance. Within this is lodged an ovoid, central 
mass, made up of large highly-refracting granules. Isolated 
granules of the same kind may also be found scattered 
throughout the soft medullary substance. At its posterior 
end, the embryo tapers to a point, while its opposite extremity 
is obliquely truncated towards the ventral aspect. On this 
oblique surface may be observed two series of straight 
spines, five (rarely six) in each. The two series meet near 

* Ueber Echinorhynchus ** et larvali Echinorhynchorum 
(* Gottingen Nachrichten,^ 1862). eorumque metamorphosi,’" 1873 ; 
Kesults of further investigations and, further, in the concluding 
and a history of the subject are part of ‘ Die Menschlichen Parasi- 
contf-ined in Leuckart’s ‘ Pro- ten,’ 1876, which has reached me 
gramm,’ “ De statu et embryonali too late for use in this place. 
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the middle line to form an arch, the central and largest 
spine constituting its summit. Two short, ridge-like ele- 
vations of the cuticle, close to the middle line, separate 
the spines on either side from one another. Behind, the 
peripheral layer gives rise to a knob-like process. 

At the end of fourteen days, the embryo is found to have 
increased much in size, but presents few changes of form. 
The anterior extremity displays two rounded elevations, 
the spines retaining their original position. The peripheral 
layer has become thicker and more distinct ; its knob-like 
process has by this time disappeared. The central mass, 
now much larger, has assumed a spherical figure. JSTo 
longer granular, it is seen to be composed of numerous 
pale cells, which continue rapidly to increase. 

During the third week, numbers of large yellow granules 
begin to appear within the outer layer of the embryo. No 
other changes, save those of growth, take place in its 
walls: but the central mass, still continuing to enlarge, 
gradually puts on the aspect of a young Eckinorhynchus. 
This mode of development has been compared by Leuckart 
to that of certain Echinoderms, or to the production of the 
Nemertid larva within pilidium. 

The first part to become differentiated is the cavity of 
the future proboscis, which appears as a transparent 
lenticular vesicle at the g.nterior end of the spherical mass. 
Behind this are soon seen rudiments of the central axis 
and its contained ganglion ; and the suspensorial ligament, 
with the reproductive organs, are, at the same time, marked 
out. The muscles of the outer wall have also commenced 
their development. Next, the central region of the young 
Eckinorhynchus rapidly elongates ; its walls become thinner, 
and, separating from the included structures, show the first 
trace of the visceral cavity. About this time distinctions 
of sex first make themselves evident. The posterior end 
of the body undergoes a disproportionate increase of size, 
the muscles become more distinct, and the rudimentary 
generative organs are clearly manifest. At length ^the 
young Eckinorhynchus occupies almost the whole interior 
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of the embryo, the walls of which have, meanwhile, under- 
gone but slight histological change. The spines, however, 
have disappeared, together, it would seem, with the cuticle 
to which they were attached. No rupture of the other 
embryonic structures takes place, but they gradually attach 
themselves to the body of the contained Echinorliynchus, 
becoming closely fitted to its surface, and apparently per- 
sisting throughout its entire life. The development of the 
Echinorhynchus now approaches completion. The lemnisci 
appear. Hooks arise on the surface of the proboscis, not, 
as might be supposed, from its outer cuticle, but from 
specially modified cells of an inner membrane. The in- 
ternal organs begin to assume their final aspect. The 
external form of the adult organism is rather slowly reached, 
and a few changes which take place after transference of 
the Echinorhynchus to its final host have yet to be observed. 

The Acanthocephala undoubtedly present certain resem- 
blances to the Nematoidea, and more particularly to the 
Gordiacea, but the fundamental diflferences in the structure 
of the muscular and nervous systems, and in that of the 
reproductive organs, are so great, that it is impossible to 
regard them as Nematoids which have undergone a re- 
trogressive metamoi'phosis. In their case, as in that of the 
Cestoidea and that of the Dicijendda^ it is, I think, desirable 
to keep one’s mind open to the possibility that anenterous 
parasites are not necessarily modifications of free, enterate 
ancestors. 

The Dicyemida. — In 1830, Krohn discovered certain 
ciliated filiform parasites in the renal organs of Cephalopods, 
to which Kolliker subsequently gave the name of Dicyema. 
Hecently, these strange organisms have been made the 
subject of renewed investigation by E. van Beneden, from 
whose elaborate memoir * I take the following account of 
their structure : — 

The body of a Dicyema (Fig. 158, 1.) consists of one large, 

♦ “ Recherches sur lea Dicyemides.'* Bulletin de I’Acad. Royale 
de Belgique,’ 1876.) 
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cylindrical, or more or less fusiform, aodal cell, which 
extends from the slightly enlarged head-end, by which the 
animal is attached, to its posterior extremity, and is in- 
vested by a single layer of relatively small flattened cortical 


Fig. 158. 



Fig. 158. — Dicyetna.— l. D.typus. The large papillae of the cortical 
layer and the germs in the interior of the axial cell are noticeable. 

II. J). typus. Different stages of the development of a vermiform germ. 

III. Intusoriform embryo found free in the renal organs of Eledone 
moschata, treated with osmic acid: p, the urn ; ca, its capsule; s, 
its lid ; i, multinucleate cells in its interior. (After Van Heneden, 1. c.) 

cells. These are arranged, like a pavement epithelium, 
around the axial cell, their edges being juxtaposed ; they 
are nucleated, and their free surfaces are ciliated. There 
is no interspace between the cortical cells and the axial 
cell, and the organism is a simple cell-aggregate, devoid 
of connective, muscular, or nervous tissues. 

The cortical cells which invest the anterior or head-end 
of the Dicyema, have peculiar characters, and are dis- 
tinguished as the polar cells. They are arranged in such 
a manner that the head is bilaterally symmetrical. Some- 
times the polar cells constitute the whole of the cephalic 
enlargement, but, in others, cells of the adjacent pa^^t of 

the body {parapolar cells) contribute to the investment of 

•• 
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the head. Strongly-refracting globules and rods accumu- 
late in some of the ectodermal cells, and cause them to 
project in the form of papillae. 

The axial cell is a mass of protoplasm. Its relatively 
dense outer layer passes into a central reticulation, in the 
midst of which there is a large oval nucleus. 

Heproduction takes place by the formation of germs, and 
the development of embryos from them, in the axial cell. 
The embryos are of two kinds, the one vermiform, the other 
infusoriform, and are not met with in the same Dicyemay 
but in individuals of somewhat different characters. Those 
which give rise to the vermiform embryos are termed 
Nematogena, while the others are named Rhomhogena. 

In the NewMogenay the germs arise in the protoplasmic 
reticulum of the axial cell, and, at first, are minute spherical 
bodies, each of which is provided with a nucleus. This 
germ- cell divides into two, and each of these again becom- 
ing bisected, four cells are produced, of which one 
remains undivided, while the rest go on dividing. The 
former enlarges, and gives rise to an axial cell, around 
which the other cells arrange themselves, until eventually 
they enclose it. Before they meet, they surround an open- 
ing through which one end of the axial cell protrudes. This 
corresponds with the oral pole. 

Before the young Dicyema thus developed leaves the 
body, which it generally does by traversing the oral pole, 
(though it may make its way out through the parietes,) two 
embryos of the same kind appear within its axial cell. 

Thus the nematogenous Dicyema gives rise by an agamo- 
genetic process to new Dicyemas. 

In the Rhombigenay the germs are developed in from two 
to five special nucleated parent cells, the origin of which is 
not known. They are found imbedded in the protoplasm of 
the axial cell, and the germs are developed endogenously 
from the protoplasm of the parent cell, the nucleus of 
which remains unchanged. The germs undergo division, 
and become spheroidal bodies composed of two kinds of 
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cells, small and large. Each of these bodies is converted 
into an inf usoriform, bilaterally symmetrical embryo, which 
consists of an urn, a ciliated body, and two refractive bodies. 

The um, situated on the ventral side of the embryo, 
is composed of a capsule, a lid, and contents. 

The latter are four granular masses, each of which 
contains many nuclei, and eventually becomes covered 
with cilia. The refractive bodies take their origin in two 
adjacent cells. They partially cover the urn in front, and 
fonn the largest portion of the dorsal face of the embryo. 
The ciliated body consists of ciliated cells, and forms the 
caudal portion of the embryo. 

While the vermiform embryo becomes a Dicyema in the 
body of the Cephalopod on which its parent is parasitic, 
the infusoriform embryo is set free, and probably serves 
as the means by which the parasite is transmitted from one 
Cephalopod to another. 

Professor E. van Beneden compares the cortical layer 
of a Dicyema to the ectoderm, and the axial cell to the 
endoderm of a Metazoon ; and the mode of production of 
the embryo to the process of epiboly in the Metazoa. But, 
from the complete absence of any mesoblastic layer, he 
proposes to establish a new division of Mesozoa, inter- 
mediate between the Protozoa and the Metazoa, for the 
Dicyemida. 
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CHAPTER XIL 

THE TAXONOMY OF INVERTEBEATED ANIMALS. 

The grouping of the various kinds of invertebrated 
animals which has been adopted in the preceding pages is 
to be regarded merely as a temporary arrangement. Each 
chapter, from the second to the tenth, is devoted to a series 
of forms, the morphological relations of which are more 
or less obvious, while Chapter XI. is reseiwed partly for 
such groups as do not readily find a place in any of the 
series which precede them ; and, partly, for such as have 
been established since this work was commenced. 

Our knowledge of the anatomy, and especially of the 
development, of the Invertehrata is increasing with such 
prodigious rapidity, that the views of Taxonomists in 
regard to the proper manner of expressing that knowledge 
by classification are undergoing, and, for some time to come, 
are likely to undergo, incessant modifications. 

To the beginner, who is apt to make the mistake of 
looking upon classification as the foundation and essence 
of moi*phology, instead of what it really is, the super- 
structure and outcome thereof, this state of things is 
distressing. Every handbook presents him with a different 
system of classification, and he may, not unnaturally, 
despair of finding any stability in a science, the most 
general results of which are capable of being stated in such 
very different ways. If, however, the student will attend to 
the facts which constitute the subject matter of classifica- 
tions, rather than to the modes of generalising them which 
are expressed in taxonomic systems, he will find that, how- 
ever apparently divergent these systems may be, they have 
a great deal in common. 

« * 
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It is possible to divide invertebrated animals into a 
certain number of groups, each of which will be admitted 
by every morphologist to be in itself a perfectly natural 
assemblage. That is to say, all the forms thus associated 
together will resemble one another, and will differ from all 
other animals, in certain respects. Each sach assemblage 
is, in fact, a “ natural order ” in the sense in which that 
word is used by botanists ; and, although the number of 
these natural orders may be increased by the discovery 
of new forms, or diminished by the ascertainment of closer 
bonds of union than arc at present known to exist, between 
the orders already discriminated; yet, the morphological 
types which they represent will always remain ; and there- 
fore the knowledge of their characters, once acquired, will 
be a permanent possession. 

It is not needful that these natural orders should be 
morphologically, still less numericaUy, equivalent ; and, in 
forming them, it is more important that similarities should 
not be neglected, than that differences should be overlooked. 
Those which have been recognized in the preceding pages 
are enumerated in the following list, arranged in sections 
corresponding with the chapters in which they are discussed. 
Under the head of each section, I shall proceed to make 
such observations as have been suggested to me by new 
information or by further reflection, during the progress of 
this work. 

Section I. — Monera [Foraminifera] \_Heliozoa]y Radio- 
laria, Protoplasta, Gregarinidce, Catallacta, Infusoria 
[Opalininay Ciliata, FlagellatUy Tentaculifera]. 

Section II. — Porifera,Ilydrozoa, Coralligena [Ctenophora]. 

Section III. — Turhellaria, Rotifer a [Nematorhyncha], 
Trematoda, Cestoidea. 

Section lY. — Hirudineaj Oligochceta, Polychcefa, Gephyrea. 

Section Y. — Crustacea, Arachnida [Pycnogonida, Tardi- 
grada, Pentastomida], Myriapoda, Insecta. 

Section YI. — Polyzoa, Brachiopoda, Lamellihranchiata. 
Odontophora. 
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Section YII.- — Bchinodermata. 

Section YIII. — Tunicata. 

Section IX. — Peri^atidea, Myzostomata, Enteropneiista, 
Chcetognathay Nematoidea^ Physemaria, Acanthocephala, 
Dicyemida. 

Section L — In the commencement of Chapter II., I 
have expressed a doubt as to the validity of the distinction 
of the groups contained in this section by the presence or 
absence of a nucleus, and the recent investigations of 
Schulze* and Hertwigf have justified my hesitation. 
These observers have, in fact, demonstrated the existence 
of one or more nuclei in many Foraminifera {Entosalenia, 
Polyatomella, Botalia, Textularia, some Miliolidce). These 
nuclei may be simple or multiple ; in the latter case, they 
have no special relation to the cameration of the skeleton, 
and they are single in the young. 

The discovery of the nuclei was effected by treating the 
Foraminifera in which they were found in a special manner : 
and, considering the negative results at which the best 
observers of the Foraminifera have hitherto arrived, and 
the fact, that the other Monera have not been investigated 
by the same methods, it will probably be wise to consider 
the question of the non-existence of a nucleus in them as 
an open one. 

Hertwig proposes to include all the Rhizopods which are 
invested by a coat of chitin, or by silicious or arenaceous 
particles, or which possess a skeleton, under the head of 
Thalamophora ; but the name of Foraminifera is now so 
widely accepted and so long established that I cannot but 
think that the better course is to retain it. 

I have included the Actinophryida and the similar forms 
found in fresh water, and provided with Radiolarian skele- 
tons, with the marine Badiolaria, 

* “ Rhizopoden-Studien, VI.” tion und systematische Stellung 
Archiv fiir Mikr. Anatomie,' der Foraminiferen.” (‘ Jenaische 

187S.) Zeitschrift/ 1876.) 

t ** Bemerkungen zur Organisa- 
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Hertwig and Lesser,* however, in their important 
monograph upon the Rhizopods, have stated reasons for 
separating the former as a distinct group (the Heliozoa of 
Haeckel), though their conclusion that there are, at present, 
no grounds for assuming even a remote relation between 
the Heliozoa and the Radiolaria (1. c. p. 159) appears to me 
to have no sufficient warranty. 

The Heliozoa are defined by these authors to be uni- 
cellular organisms, which occasionally become multicellular, 
or at any rate multinucleate, by the multiplication of the 
nucleus. They are usually spheroidal and free, but some 
are fixed by means of a stalk. In most, the protoplasm of 
which they consist is differentiated into a cortical and a 
medullary substance (ectosarc and endosarc). The sharpness 
of demarcation of the ectosarc from the endosarc varies. 
In Actinophrys sol the two pass, imperceptibly, one into the 
other ; in Actinosphoerium, the change from the ectosarc into 
the endosarc takes place within a narrow zone, everywhere 
equidistant from the centre. The line of separation between 
the endosarc and the ectosarc is best defined in the Acan- 
thocystidce, Heterophryidce, &c., but it arises only from a 
differentiation of the protoplasm, and not from the develop- 
ment of a definite membranous investment around the 
endosarc. The nuclei lie in the endosarc. When only one 
exists it is usually eccentric, and, when there are many, 
they are scattered irregularly. The ectosarc contains con- 
tractile, and sometimes non -contractile, vacuoles, which 
last may also be met with in the endosarc. The pseudo- 
podia are thin, filifoim, and radiate from the body ; some- 
times their surface presents moving granules. They rarely 
branch or anastomose. In many cases they present an 
axial substance which may be traced as far as the endosarc. 
The silicious skeleton may consist of sepai*ate spicula or 
form a continuous shell. ♦ 

* “ TJeber Khizopodenundden- of the subject will be found in 
selben nahestehender Organis- this memoir and in Dr. Car- 
men.” (‘ ArchiV fiir Mikr. Anat.,* renter’s ‘Introduction to the 
Bd. X. Supplement heft, 1866.) Study of the Foraminifera,’ 16812, 
Full references to the literature 

2 
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The JSeZiozoapropagate by Bimple division with or without 
previous encystation ; and the products of division may or » 
may not become encysted. They may either pass directly 
into the adult state or become monadiform active larvae, 
provided with two flagella, a nucleus and contractile vesicle, 
which in course of time develope into the parent form.* 


A completely new light has been thrown upon the vexed 
question of the supposed sexual method of reproduction 
of Infusoria by the investigations of Engelmann,t Biitschli, J 
and Hertwig,§ the results of whose observations may be 
summed up as follows : — 

1. The so-called acinetiform embryos are parasites. 

2. The rod-like bodies occasionally observed in the endo- 
plast are also parasites, and probably Bacteria. 

3. The globular so-called germs in the Vorticellidce and 


the bodies termed ‘ ovules ’ by 
with reproduction. 

* As this chapter was passing 
through the press, Hertwig’s 
monograph ‘ Zur Histologic der 
Radiolarien’ has come into my 
hands. The Radiolaria are de- 
fined as Rhizopods with pointed, 
branched, usually anastomosing 
and granular pseudopodia, which 
proceed from a protoplasmic 
body enclosing either numerous 
small heterogeneous nuclei, or a 
single larger highly differentiated 
vesicular nucleus The protoplasm 
of the bod^ is further separated 
into a peripheral non-nucleated 
and a central nucleated portion, 
by a membranous capsule with 
porous walls. The capsule is in- 
vested by a homogeneous gelati- 
nous substance ; the extracapsular 
protoplasm usually contains nu- 
merous yellow cells. 

Propagation is effected (pro- 
bably always) by the breaking up 
of the body into unicellular 
m^Yiadiform embryos provided 
with a single flagellum. As a 


Balbiani have nothing to do 


result of these investigations, 
Hertwig admits that the Radio- 
laria and the Heliozoa are 
closely allied, and even suggests 
that the name of Radiolaria 
should apply to both groups, 
which would then form the sub- 
divisions of Heliozoa and Cyto- 
phora. The Radiolaria(^Cytophora) 
are distinguished into Collozoa 
(with numerous small nuclei) 
and Collida with a single highly 
differentiated nucleus. 

t “ Ueber Entwickelung und 
Fortpflanzung der Infusorien.” 
(‘ Morphologisches Jahrbuch,* 
1376.) 

X “ Mittheilungen fiber die 
Conjugation der Infusorien und 
die Zelltheilung.” (‘ Zeitschrift 
ffir Wiss. Zoologie,’ 1875.) 

§ “Ueber Podophrya gemmi- 
para, nebst Bemerkungen zum 
Bau und zur systematische Stel- 
lung der Acineten.” (‘Morph. 
Jahrbuch,’ 1876.) 
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4. In tlie Vorticellidce, wlien conjugation takes place, the 
endoplasts of both individuals break up into a number of 
fragments. These become mixed up in the common body 
which results from conjugation. The endoplast of the 
latter results from the gradual union of many smaller 
particles which make their appearance in the endosare. 
Whether they are identical with the fragments into which 
the endoplasts of the conjugated individuals have divided, 
is not certain. 

5. When Infusoria which possess an endoplastule, as well 
as an endoplast, conjugate, both of these structures undergo 
division ; and the t'ndoplastule, before division, acquires the 
striated structure and spindle shape, which has obtained 
for it the name of ‘ seminal capsule.’ 

6. The final result of conjugation is the appearance in 
each of the individuals which have undergone conjugation 
of the endoplast and endoplastule (either single or multiple) 
which characterise the species. 

It does not appear that there is any positive proof that 
the striated endoplastule, or endoplast ules, of the conjugated 
individuals are or are not exchanged. From Biitschli’s 
observations on Stylonichla mytilm, he concludes that the 
endoplast divides into four fragments ; that these round 
themselves off into the so-called ‘ ovules ’ of Balbiani, and 
are expelled from the body; while, of the four striated 
endoplastules into which the endoplastules which exist 
before fecundation divide, one is converted into a large 
transparent body, and, dividing, gives rise to the two new 
endoplasts which appear in the StylonichioB, after their 
separation. Two of the others become the new endo- 
plastules ; while one, apparently undergoing retrogressive 
metamorphosis, is cast out of the body. 

From these facts, and from the circumstance that the en- 
doplastules of Infusoria, which are merely dividing, acquire 
the striated structure, it must be concluded that the as- 
cription of a spermatozoal nature to the striae of the modified 
endoplastules is not warranted. And the remarkable^ oh- 
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servations of Biitschli, Strassburger,* Van Beneden and 
Hertwigjf on the changes which take place in the nuclei 
of both animal and vegetable cells, which sire undergoing 
division, or are preparing for fecundation, seem to leave no 
doubt as to the justice of this negative conclusion. In such 
cells the nucleus becomes elongated and assumes a striated 
appearance, so as to resemble in a very striking manner, the 
so-called ‘ seminal capsule ’ of the Infusoria. Nevertheless, 
it is still possible that the conjugation of the Infusoria may 
be a true sexual process ; and that a portion of the divided 
endoplastules of each may play the part of the spermatic 
corpuscle; the conjugation of which with the nucleus of 
the ovum, appears, from recent researches, to constitute 
the essence of the act of impregnation. 

With the i^roof that the * acinetif orm embryos ’of the 
Infusoria ciliata are pai’asites, the view of the relations of 
the Tentaculifera with the Ciliatay suggested at p. 109, 
ceases to be exactly tenable. Nevertheless the resemblance of 
the ciliated young Acinetce to the simpler forms of the 
Ciliata is so close that they may still be said to be modifica- 
tions of a common type. Hertwig X bas made the interest- 
ing observation that, in some AcinetcBy the tentacula are of 
two kinds; those of the one kind are the characteristic 
suctorial organs, while those of the other kind are simply 
prehensile, and have a structure very similar to that of 
the prehensile pseudopodia of the Actinophryidoe. The 
same author shows that the ciliated germs do not arise 
from the endoplast alone, but that a portion of the proto- 
plasm of the body invests each division of the endoplast. 
In fact the process by which these germs are developed is 
altogether similar to ordinary cell-division. 

The Opalinina must clearly be arranged among the 

* ‘ Ueber Zellbildung und Zell- t “ Ueber Podophrya gemmipara 
theilung/ 1876. nebst Bemerkungen zum Bau und 

f “ lEteitrage zur Kenntniss und zur system atische Stellung der 
Bildung, Befruchtung und Thei- Acineten.” (‘ Morphologisches 
lu»g des thierrischen Eies,” JahrbucV 1876.) 

(‘ Morph. Jahrbuch/ 1876.) 
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Infusoria. Stein regards them as simply the lowest forms 
of the Holotricha, but it will probably be safer to consider 
them as a distinct group, standing in somewhat the same 
relation to the Ciliata as the Qregarmidce do to the Amoshoe. 

Section II. — The elucidation of the problem of the 
mode of development of the Sponges has been greatly 
advanced by the investigations of Oscar Schmidt,* Schulze,t 
and especially of Barrois,!: which confirm the assertion of 
Metschnikoff that the vesicular morula which constitutes 
the early condition of the sponge-embryo consists of blasto- 
meres of two kinds ; those of the one half of the spheroidal 
or flattened embryo being elongated and flagellate ; those of 
the other, rounded, granular and non-ciliated. Schulze and 
Bai'rois have independently ascertained that the latter 
region sometimes undergoes partial invagination ; and that 
a cup- shaped body is produced, composed of an epiblast 
formed of flagellate cells and a hypoblast of spheroidal, 
non-ciliated cells. Thus the gastrula ” stage of Haeckel 
may exist, though it is not formed by delamination, as he 
supposed, but by invagination. But it appears that this 
gastrula-stage does not always occur, and that when it 
does, it is transitory, in so far as the hypoblastic cells 
subsequently enlarge, protrude beyond the epiblastic cells, 
and give rise to the free ovate embryo formed of a ciliated 
and non-ciliated half, which has so often been observed. 
According to Barrois’ observations, this free swimming 
larva fixes itself by its non-ciliated hypoblastic half, and the 
hypoblastic cells are invested by those of the epiblast, which 
thus constitute the whole outer covering of the young 
sponge. The central cavity of the sponge, which represents 
the archenteron, arises in the midst of the included hypo- 

* ‘Zur Orientirung fiber die Entwickelung von Sycandra 
Entwickelung der Spongien raphanus ” (‘ Zeitschrift f. Wisa. 
(‘ Zeitschrift ffir Wiss. Zoologie,' Zoologie,’ 1875) ; and “ Zur Ent- 
1875) ; and “ Nochmals die wickelungsgeschichte von Sycan- 
Gastrula der Kalkschwamme ” dra.” (Ibid. 1876.) 

Archiv f. Mikr. Anat.,’ 1876). % ‘ Annales des Sciences I^atu- 

t “ Ueber den Ban und die relies,’ 1876. 
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blastic cells, while the osculum is a secondary opening, 
formed apparently by an invagination of the ectoderm, and 
has nothing to do with the primitive blastopore. Thus 
even the simplest sponge has passed beyond the gastnila- 
stage. 

Schulze has made the important discovery that, in By-- 
cand/ra raphanus, there is a layer of flattened cells external 
to the syncytium ; whence the latter may rather be regarded 
as the equivalent of the mesoderm than of the ectoderm of 
the Coelenterata. And the observations of Barrois on other 
calcareous sponges tend to the same conclusion. The care- 
ful investigations of the last-named writer have not enabled 
him to discover spermatozoa in any sponge, and he finds 
that the ova, when they are first discernible, are situated in 
the syncytium or mesoderm, and not in the endoderm. In 
the free larvae of the calcareous sponges an equatorial zone 
of rounded equal-sized blastomeres is interposed between the 
ciliated, or cpiblastic, and the non-ciliated, or hypoblastic, 
hemisphere; and it appears probable that these cells re- 
present a mesoblast and give origin to the mesoderm. The 
embryo in this condition has a very interesting resemblance 
to that of Clepsine, in the stage in which the epiblast 
occupies one face of the embryo, and the hypoblast, formed 
of three very large blastomeres, the opposite face ; while an 
incomplete zone of six or eight large blastomeres, which are 
eventually enclosed by the epiblast, surrounds the margins 
of the latter. 

At p. 150, 1 have quoted HaeckeFs accoimt of a process 
of Entogastric gemmation in Carmarina hastata of an 
altogether anomalous character. 

F. E. Schulze* has lately investigated specimens of 
Geryonia hexaphylla provided with entogastric processes 
beset with budding CunincBy and he proves that, in this 
case, at any rate, the phenomenon is one of parasitism. 

♦ ♦‘Ueberdie CuninenKnospen- schaftlichen Vereines.* Graz, 
aehropi im Magen v. Geryonien.” 1875.) 

Mittheilun^en des Naturwissen- 
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The stem from which the buds proceed, in fact, is not a 
process of the body of the Geryonia, but is simply attached 
to the wall of the gastric chamber of the latter. It is 
hollow, and its cavity is lined by an endodermal epithelium. 
The Cunina buds are not developed from the epithelium 
which covers the stem and represents its ectoderm, but 
commence in the ordinary way, as coecal diverticula of the 
wall of the stem, the apices of which soon open to form 
the hydranth of a medusoid, the disk of which results from 
the outgrowth of the base of the hydranth. In all pro- 
bability the larva of the Cunina enters the gastric cavity of 
the Geryonia as a planula; and, attaching itseK to the 
wall, grows out into a stolon whence the medusoids bud. 

It may be suspected that the other cases of supposed 
entogastric proliferation will prove to be susceptible of a 
similar explanation. 

Although, as I have endeavoured to show, the Ctenophora 
are readily reducible to the general plan of the Actinozoa, 
yet considering their many peculiar characters, I think it 
is advisable to separate them from the Coralligena, as a 
distinct natural order. 

Moreover, the Physemaria must undoubtedly be placed in 
this section, which will therefore consist of the following 
natural orders : Physemaria, Porifera, Hydrozoa, Coralligena, 
Ctenophora. 

Section III. — I concur in the proposal of Bntschli* to 
establish a group, Nematorhyncha, for the genera Cheeto- 
notus, Echinoderes, and their allies, to which reference is 
made at p. 192. The Nematorhyncha are divisible into the 
Gastrotricha f {Choetonotus, Chcetura, Cephalidium, Ichthy- 
dium, ^rhanella, Hemidasys and Dasydites), which are 
ciliated on the ventral surface of the body, and the Atricha 
{Echinoderes), which possess no cilia. Biitschli finds two 

♦ “ Untersuchungen iiber frei- t See H. Ludwig, “ Ueber die 
lebende Nematodeu und die <;!at' Ordnung Gastrotricha.’ (* Zeit- 
tung CluBt(motus” (‘ Zeitbchrift schrift fur Wise. Zoologie,’I87t>.) 
fur Wiss. Zoologie,’ 1876.h 
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convoluted water -vessels analogous to those of the BoUfera, 
but apparently not ciliated, in Choetonotus, 


Section IY. — Our knowledge of the development of the 
Hirudinea has received an important addition in the 
‘ M^moire sur le developpement embryogenique des Hirudi- 
n^es,’ by M. 0. Robin ; who, among other important con- 
tributions to embryology, has rectified some important 
errors of Rathke respecting the early stages of the develop- 
ment of Clepsine. I have found the description and figures 
of the various stages of cleavage, and of the steps by which 
the blastoderm is converted into the young Clepsme, given 
in this memoir, to be exceedingly accui’ate. 

The whole process in Clepsine is very similar to that 
which has been described in Euaxes by Kowalewsky * and 
shares with it the remarkable peculiarity that the first 
formed poi’tion of the blastoderm becomes the hsemal 
region of the body. As this blastodermic disk grows, its 
margins thicken and give rise to two germ-bands (Keim- 
streifen). These gradually approximate and eventually 
imite upon the opposite face of the ovum. As the chain 
of ganglia is the product of the differentiation of the 
epiblast of the germ bands, it follows that it is formed by 
the union of two primarily distinct nerve tracts, which 
move round from the haemal to the neural aspect of the 
body ; and thus the arrangement of the nervous tranks in 
Malacohdella f may be regarded as expressive of a condition 
which is transitory in Clepsine and Euaxes. 


* ‘ Embryologische Studien an 
Wiirmern und Arthropoden.^ 
(‘Mem. de I’Acad. Imp. de St. 
Petersbourg,’ 1871.) 

t According to Semper’s re- 
cently published statements, Ma~ 
lacobdella is a true Nematoid, and 
not a Leech. (“Die Verwandt- 
schaftsbeziehungen der geglie- 
derten Thiere,” ‘ Arbeitcn aus d. 
Zoologisch-Zootomischen Institut 
in Wi^zburg," Bd. iii., 1876.) The 
memoir here cited is lull of im- 


portant observations respecting 
the structure of the nervous 
system in the Annelida ; the 
agamogenetic multiplication of 
Nais and Chcetogaster ; and the 
development of the organs of 
these Annelids. 

Moreover, the author discusses 
very fully the relation of the 
Annelidan with the vertebrate 
types of organisation. I do not 
propose to touch upon this sub- 
ject in the present volume ; but I 
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Many years ago * I directed attention to tlie fact that 
“ the development of a Mollusk commences on the haemal 
side and spreads round to the neural side, thus reversing 
the process in Articulata and Vertebrata;” and it is very 
interesting, considering the many curious points of ap- 
proximation between the Annelida and the Mollusca which 
are now coming to light, to observe that certain Annelids 
present this especially MoUuscan peculiarity. f As Von 
Baer long ago pointed out, there is a striking likeness 
between the foot of a Gasteropod and the suctorial disk of 
one of the Hirudinea. The so-called jaws of the Leeches 
(the ‘ teeth ’ of which, I may observe in passing, are calcified) 
are curiously similar to an odontophore devoid of cartilages, 
the representative of the radula being supported on a 
muscular cushion. 

The statement at p. 245, that “ no calcareous skeleton is 
found in any of the Gephyrea ” ceases to be true since the 
discovery of L. GrafF, J that the minute spines of Chceto- 
derma are calcified. It is a further peculiarity of this 
genus, that two distinct nerve cords proceed from the 
cerebral ganglia, parallel with one another, on each side of 
the body, in the place of the single median nerve cord of 
other members of the group. 

Dr. Jhering § has directed attention to certain points of 


may remark that the evidence 
upon which the identification of 
the structures termed “ Kiemen- 
gangwiilste ” and their products 
with the branchial apparatus of 
vertebrate animals is founded, 
appears to me to be wholly in- 
adequate to bear out the con- 
clusions deduced from it. 

* ‘ On the Morphology of the 
Cephalous Mollusca.’ (‘ Phil. 
Trans.,’ 1852, p. 45 and note.) 

•f The mode of development of 
the central nervous system in 
Euaxes and Clepsine offers many 
points of interest. Not the least 
important of them is the obvious 
similarity (to which atteniion 


has already been directed by 
Semper) between the germ 
bands of Clepsine when they have 
united throughout the greater 
part of their length, but surround 
the blastopore behind, and the 
Amphibian embryo with its 
dorsal ridges, which have exactly 
similar relations (See for example 
Fig. 40, in Plate III. of Cdtte’s 
work ‘ Die Entwickelungsge- 
schichte der TJnke.’) 

f “Anatomic des Ch^toderma 
nUidulum,*^ (‘ Zeitschrift f. "W iss. 
Zoolome,’ 1876.) 

§ ‘ Vergleichende Anatomic 
des Nervensystems der l^ollus- 
ken,’ 1877. 
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resemblance between Chcetoderma, with the allied genus 
Neomeniay and the Chitons, especially in the arrangement 
of the trunks of the nervous system ; and he proposes to 
unite the three into a group of Amphineura — thus separating 
the Chitons from the Molluaca altogether. 

Section Y. — I regret that I have been unable to make 
use of Claus’ recently published important contributions 
to the history of the development of the Crustacea.* 

Section YI. — The thorough examination of the structure 
of Pedicellina and Loxosoma by Nitschef has shown that 
the differences between the ectoproctous and the endoproct- 
ous Polyzoa are of a more fundamental character than had 
been suspected. In the Ectoprocta, in fact, the endocyst 
consists of two layers, an outer and an inner ; of which the 
former is the representative of the ectoderm in other animals. 
The latter lines the wall of the ‘ perivisceral cavity/ and is 
reflected thence, like a peritoneal tunic, over the tentacular 
sheath and into the interior of the tentacula, whence it is 
continued on to the alimentary canal, of which it forms the 
external investment. The endoderm, which lines the ali- 
mentary canal, is of course continuous, through the oral 
opening, with the ectoderm. 

In the Endoprocta, on the contrary, the endocyst is com- 
posed of only one layer, and the endoderm of the alimentary 
canal has no second or external coat. The ‘perivisceral 
cavity ’ or interspace between the endoderm and ectoderm, 
is occupied by ramified mesodermal cells. 

Thus the Endoprocta present a structure as simple as 
that of Nematoid worms ; while the Ectoprocta, in possess- 
ing a perivisceral cavity with a special lining, the inner 
surface of which may be ciliated, are, so far, comparable to 
Brachiopods or Echinoderms. 

* * Untersuchungen zur Erfor- Bryozoeii.” (‘Zeitschrift f. Wiss. 
schung der Genealogischen Zoologie,’ 1870 and I87.i.) Com- 
Grundloge des Crustaceen- pare Barrois (* Comptes llendus/ 
aystepw,’ 1876. 187.'>). 

t ^ Beitrage zur Kenntniss der 
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Unfortunately, our knowledge of the embryonic de- 
velopment of the ectoproctous Polyzoa does not enable us 
to determine, with certainty, the nature of this peiivisceral 
cavity and of the layer which bounds it. Nitsche shows 
that the saccular cystid, which results from the first de- 
velopmental changes of the embryo in the PhylactoloBmata, 
is composed of two layers, which caiTespond with those of 
the endocyst in the adult ; and, further, that the polypide 
(alimentary canal, tentacula and ganglion) results from an 
ingrowth of the outer layer of the endocyst, which pushes 
before it an involution of the inner layer. The latter gives 
rise to the reflected ‘ peritoneum.’ 

But I am not awai’e that there is any evidence which 
proves conclusively the manner in which these two layers of 
the embryonic endocyst take their origin, or with what 
layers of the ordinary embryo they are homologous. If 
we make the ordinary assumption that the inner or peri- 
toneal layer of the endocyst is the partial or complete 
homologue of the hypoblast in other animals, it follows 
that the perivisceral cavity of the Ectoprocta is really an 
enterocoBle, as it is in the Brachiopoda. The only other 
alternative appears to be the supposition that the inner layer 
of the endocyst is a mcsoblast, difterentiated from the germ 
earlier than the hypoblast ; in which case the perivisceral 
cavity will be a schizocoele. 

Br. Jhering’s work on the nervous system of the Molluscay 
to which I have already referred, contains a number of 
valuable anatomical details, and especially gives a better 
account of the structure of the nervous system of Chitony 
than has hitherto existed.’^ 

* In addition to a great variety cerebral and not pedal. The 

of surprising phylogenic specu- arms are thus parts of tlie head, 

lations, Dr. Jheriug puts forward and only thei§ funnel represents 
the novel morphological views, the foot of Gasteropods. 

that the respiratory sac of the I do not presume to rebel 

Pulmonata {Nephropneustay .Iher- against the authoritative censure 
ing) is morphologically a sort of of my memoir on the ‘ Mor- 
urinary bladder, and that the phology of the Mollusca,* pub- 
ganglia whence the arm-nerves fished now five-and-twenty } ear* 
of the Cephalopoda arise are ago, which is pronounced by Dr. 
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There is no invertehrated animal at present known, 
which cannot at once be referred to one or other of the 
natural orders which have been discussed in the preceding 
pages. The next question which arises is, how fai* are these 
groups susceptible of arrangement into assemblages of a 
higher order, distinguished from all others by certain 
common characters ? 

It is universally admitted that the Insecta, Myriapoda, 
Arachnidaf Crustacea^ Pycnogoniday and Tardigraday form 
such an assemblage, termed the Arthropoda, and charac- 
terised by the segmentation of the body; the chitinous 
cuticula ; the absence of cilia upon, or in, the body at any 
period of life; the segmentation of the central nervous 
system and its perforation by the gullet : and the presence 
(with the possible exception of the Trilohita) of limbs, 
which, almost always, are themselves subdivided into joints. 
The reasons for including the Peripatidea in this division 
have been given in Chap. XI. ; and though the Pentastomida 
must be regarded as hardly within the limits of the defini- 
tion, I think that, taking into account the strange modifi- 
cations .which are undergone by the parasitic Crustacea and 
Arachniday it is not needful to depart from the ordinary 
practice of associating them with the Arthropoda, 

The Lamellihranchiata and the Odontophora constitute 
another very well marked division, the Mollusca, the 
characters of which have been discussed in Chapter VIII. 

The proposal to separate the Polyplacophora from the 
Molluacay to which I have already referred, appears to me 
to be devoid of any justification. The resemblances between 
certain Oephyrea, such as Chcetoderma and Neomeniay and 
the Polyplacophoray are accompanied by wide differences ; 


Jbering. Nevertheless I may 
remark that, had he condescended 
to pay attention to what is said 
respecting the flexure of the 
intestine in Mollusks in that 
antiquated production, he would 
not have committed himself to 
the publication of the two dia- 


grams, one of a Cephalopod and 
Sie other of a Pteropod, each 
with its alimentary canal twisted 
after a fashion of which nature 
knows nothing, which illustrate, 
though they hardly adorn, page 
272 of his work. 
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and even if these resemblances are to be regarded as evidences 
of affinity, some considerations, such as the restriction 
of the branchiae to the hinder part of the body, and the 
reduction of the foot in Chitonellus, rather lead to the 
suggestion, that ChcBtoderma and Neomenia may be ex- 
tremely modified Mollusks, allied to the PolyplacopJiora. 

As to the supposition that the resemblances between the 
NudihrancJdata and the Twrbellaria indicate a direct affinity 
between these groups, it seems to be forgotten that the 
Nudihranchiata are all, when young, unmistakeable Gaste- 
ropoda provided with mantle and shell. Their adult struc- 
ture is as little evidence of any Turbellarian affinities as 
that of Lemcpa is proof of its being allied to the worms, 
rather than to the Crustacea. 

The Physemaria, the Porifera, the Hydrozoa, the Coral- 
ligena and the Ctenophora are obviously modifications of the 
same fundamental plan. I think it is convenient to retain 
the well-established name of Coelenterata for the last three 
orders, which are much more closely related to one another 
than to the other two. Haeckers proposal to apply 
the old name of Zoophyta to the whole division appears 
to me to be well worthy of adoption. The inconvenience 
of using a term the connotations of which have varied 
somewhat widely since it was first invented, is probably 
less than that which would attend the invention of a new 
name. 

The Monera, Foraminiferay Heliozoa, Radiolaria, Proto- 
plasta, Gregarinida, Catallacta and Infusoriay (Opalininay 
Ciliata, Tentaculifera, Flagellata)^ again, are so closely united 
together that the difficulty is to distinguish the less diffe- 
rentiated forms of each from one another. They consti- 
tute the division of the Protozoa, the common characters 
of which have been given in Chapter 11. 

If there were no invertebrated animals beside those in- 
cluded under these four divisions of Arthropoda, Mol- 
LuscA, Zoophyta, and Protozoa, the task of classificaj^ion 
would be very easy, and each of the higher divisions 
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would be sharply defined from the others. But a vast 
residuum remains to be considered ; and it is with the 
attempt to an’ati^e these residual orders into higher groups 
that the difficulties of the Taxonomist commence. 

The PolychcBta and the Oligcchceta, the Hirudinea and the 
Oephyrea, resemble one another generally in the segmenta- 
tion of the body, indicated at least by the serially multi- 
gangliate nervous centres ;* in the presence of cilia and of 
segmental organs; and in the nature of the larvae which 
are set free, when their embryos are hatched in an early 
stage of development. And although no one of these cha- 
racters is of universal occurrence (cilia, for example, being 
absent in most adult Hirudinea), yet they are found in 
such association, that the accepted arrangement of these 
four groups (to which, though not without some hesitation, 
I add the Myzostomata), into the division of the Annelida, 
is undoubtedly very convenient. 

The Trematoda, the Tu/rbellaria, and the Botiferaf form 
another very natural assemblage. But it must be admitted 
that the highest forms of this division are separated by no 
very sharp line of demarcation from the Annelida ; while the 
simplest Turhellaria are almost on a level with the Physe- 
maria and the lower Hydrozoa. Even a Planaria is com- 
parable to a free zoophyte; its proboscis may be likened 
to the hydranth of a Medusa, the prolongation of the 
alimentary sac to the gastro- vascular canals, the central 
nervous system, with its lateral prolongations, to the 
marginal ganglia and nerves. The water- vascular system 
and the complication of the reproductive organs, indeed, 
afford clear marks of distinction ; but both of these systems 
vary indefinitely in the degree of their development within 
the limits of the Turhellaria, 

On the other hand, the connection of the Hirudinea, by 
such forms as Malacohdella with the Turhellaria and Trema^ 
toda is very close ; Polygordius appears to be a transitional 

* This character is wanting in many respects towards the next 
mosC Gephyrea, which, as I have division, and especially toward 
remarked at p. 248, incline in the Rotifera and Nemaiorhyncha, 
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form between the Turhellaria :ind the Polychceta ; while the 
Motif era, in many respects, represent larval forms of the 
Polychoeta and of the Gephyrea. 

The Cestoidca are usually regarded as anenterous Trema- 
toda, in which case, of course, they must be associated with 
the latter. 

I propose to establish a division of Trichoscolices 
for the natural orders now enumerated, in order to dis- 
criminate the morphological type which they exemplify 
from that of the Nematoscolices, containing the Nema- 
toidea, which are as remarkable for the universal absence 
of cilia as the former are for their presence ; and which are 
further so clearly distinguished by the arrangement of their 
nervous and muscular systems and of their water- vessels ; 
and by their eedysis. 

The connexion between the two divisions by way of the 
Nematorhyncha and the Motifera is undoubtedly very in- 
timate, and there is almost as much reason to an*ange the 
Nematorhyncha with the Trichoscolices, as with the Nema- 
toscoUces. ' On the whole, however, I think that, notwith- 
standing the cilia of the Gastroiricha, the closest affinities 
of the Nematorhyncha are with the Nematoidea, and I there- 
fore place them among the Nematoscolices. 

But I may remark, once for all, that the atteuipt to 
establish sharply defined large divisions of the animal 
kingdom is futile. The progress of knowledge every day 
renders it more and more clear, that morph oh.>gical 
groups are comparable to distributional provinces ; ea(ffi, 
however well marked may be its characteristic features, 
shades off at its margins into some other group ; and the 
object of classification is simply to bring into prominence 
the morphological types which embody these characteristic 
features. 

It appears to me impossible to compare the structure 
and the larval conditions of a Polyzoon with those of a 
Brachiopod, without arriving at the conclusion that they 
are more closely allied with one another than they are with 

^ X 
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any third group. Nevertheless, the Polyzoa approach the 
Rotifera, and the Brachiopoda, the Annelida, on the one 
side; while, on the other, they present nnmistakeable 
afiinities with the lower Mollmca. At the same time, the 
weight of the resemblances between the Polyzoa and the 
Tunicata, which led Milne-Edwards to the establishment 
of the group of “ Molluscoides ” (adopted by myself under 
the title of Molluscoida) has been much lessened by the 
progi’ess of investigation. 

I conceive that we may best keep these resemblances and 
differences in view by associating the Polyzoa and the 
Brachiopoda into a division apart, for which I propose the 
name of Malacoscolices ; in order to indicate its rela- 
tions with the Worms on the one side, and with the Mollusca 
on the other. 

The Tunicata are absolutely distinguished from all other 
invertebratcd animals except Balanoglosms, by the per- 
foration of the pharynx and its conversion into a respira- 
tory organ.* 

At first sight there appears to be little ground for the 
approximation of groups apparently so widely different as 
the Tunicata and the Enteropneusta. But the extraordinary 
similarity in the structure of the perforated pharyngeal 
sac in the larvae of Tunicates and of Balanoglossus, is a fact 
of great morphological weight. An ecaudate Appendicu- 
laria of those species which have the alimentary canal 
nearly straight, would be marvellously like a larval Balano- 
glossus, which is again little more than a specially modified 
Turbellarian. I think, therefore, that the Tunicata and 
the Enteropneusta may properly constitute a division of 
Pharyngopne usta. 

The Tunicate Pharyngopneusta, with their caudate laiYm 
may be supposed to stand in the same relation to the 

♦ I have alluded above to the lead me to conclude that the 
structures described by Semper structures in question are homo- 
in some and in iSo &«//«. logons with either Vertebrate, 

1 do not doubt the accuracy of Enteropneusta! or Tunicate 
the description ; but it does not branchiae. 
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Turbellariform Pharyngopneuata, as the Trematoda, with 
their cercariform larvaa, to the Twrhellaria. 

Another very well marked division is that of the Echino- 
HERMATA, the characteristics and relations of which have 
been fully discussed in Chapter IX. 

Although the structure and development of Sagitta have 
now been as thoroughly elucidated as those of any animal, 
the proper Taxonomic place of the CUoetognatlia is still an 
unsolved problem. The issues, however, appear to be 
narrowed to these : either they belong to the Annelida, or to 
the NematoscoUces, or to the Trichoscolices ; or the Choito- 
gnatha are to be regarded as an independent division, allied 
to all these, and perhaps to the lower Arthropoda. I am 
disposed to adopt the last view, chiefly on the ground of 
the mode of development of Sagitta, which is unlike any- 
thing at present known to occur in Annelida, Tricltoscolices, 
NematoscoUces, or Arthropoda. 

The Acanthocephala are hardly less anomalous than the 
Chaetognatha. Taking into account the Gordiacea and the 
characters of the proboscis in the Nematorhyncha, there is 
undoubtedly room for the suggestion that they are specially 
modified anenterous NematoscoUces, and should be classed 
among the latter. But here, as in the case of the Cestoidea, 
there are many difficulties in the way of accounting for 
these anenterous forms by the supposition that th<y are 
the results of a retrogressive metamorphosis of enterate 
animals. 

This question of the true relations of the anenterous 
invertebrates — by which I mean not only those which, like 
the male Rotifers, have no functional alimentary canal in 
the adult condition ; but those which, like the Cestoidea and 
the Acanthocephala, never exhibit a trace of an alimentary 
canal, even in the embryo ; which is usually dealt with so 
summarily by the assumption of retrogressive metamor- 
phosis, acquires still more importance, when we attempt 
to determine the Taxonomic place of the Dicyernjda. 
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Professor E. van Beneden has proved that these parasites 
cannot be dismissed, sans fagon, as retrogressively metamor- 
phosed * worms and though I am not disposed to attach 
much weight to the absence of a mesoderm, on which Yan 
Beneden insists as a distinction between the Dicyemida and 
the Metazoa, the manner in which the contents of the 
axial cell give rise to germs is so completely unlike any- 
thing which is known to obtain in the Metazoa, as, to my 
mind, to justify the separation of the Dicyemida from the 
whole of this division. On the other hand, the similarity of 
their development to the formation of metazoic embryos by 
epiboly, as completely divides the Dicyemida from all the 
Protozoa. It must be recollected that the changes which 
are undergone by the ciliated embryos are still to be dis- 
covered; but, provisionally, I am disposed to agree with 
Yan Beneden, that the Dicyemida should be regarded as 
the representatives of a distinct division, the Mesozoa, 
intermediate between the Protozoa and the Metazoa. And 
without distinctly pledging myself to any such view, I yet 
think it is worth while to throw out the suggestion that 
the Cestoidea, if not the Acanthocejphala, may be modifica- 
tions of the same type, differing from the Dicyemida in the 
development of a mesoderm, but resembling them in the 
total absence of an alimentary apparatus. 

The Serial relations of the Invertebrata. — When 
the various groups of invertebrate animals are compared, 
it is obvious that they present very different degrees of 
morphological complexity ; whence they may be considered 
as terms in a graduated progression, in which the place of 
each group corresponds broadly with the degree of its 
differentiation. The lowest Protozoa will occupy one ex- 
treme of such a progression, the Arthropoda and the 
Mollusca, the other, while the remaining groups fall into 
intermediate places. On attempting to carry out this serial 
arrangement into detail, however, it will be found that no 
single series will suffice to express the facts, but that, 
starfing from the lowest Protozoa, we are led along various 
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lines, none of whicli, as far as our present knowledge 
enables us to judge, can be traced, without interruption, 
throughout the whole length of the scale. 

If we assume, in the absence of proof to the contrary, 
that the Monera have the simplicity of structure ascribed 
to them by Haeckel ; then, on comparing the Endoplastica 
with the Monera, the different groups of the former appear 
to be related to those of the latter division, as if they were 
similar forms complicated by the addition of one or many 
nuclei. Protogenes may thus be considered as the root of 
the Foraminiferal series, Protamoiha of the Protoplasta, 
Myxastrum of the Gregarinidoe, Vampyrella of the Heliozoa, 
Protomonas of the Flagellata. A Moneran, ciliated over its 
whole surface, which might stand in the same relation to 
the Opalinina, Catallacta, Tentaculifera, and Ciliata, is at 
present unknown. The Protozoa thus fall into the following 
series : — 

Protozoa. 

I. IT. III. ^ lY. 

Protogenes. Protamoiha. Myxastrum. Vampyrella. 

Foraminifera. Protoplasta. Gregarinidoe. Heliozoa. 




Badiolaria. 

Y. 

YI. 

YII. 

? 

1 

? 

Protomo7ws. 

1 

1 

Tentaculifera. 

1 

Catallacta. 

Opalinina. 

Ciliata. 

1 

Flagellata. 


I am unable to trace any one of these series of modifica^ 
tions further ; that is to say, to find forms which actually 
bridge over the inteiwal between any one of them and the 
Metazoa, though it is easy enough to imagine what such 
forms might be. The spheroidal free-swimming m^nad 
aggregates, such as Uvella and Polytoma, and Magosphoera 

3 
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itself, are, in many respects, comparable to Physemarian or 
Poriferan embryos ; while an animal Volvox would be a sort 
of permanent vesicular morula. So, one of the higher 
Infusoria, if it became multinucleate, like an Opalina, 
would approach the lowest Turhellaria. 

The axial cell of a Dicyema, from the protoplasm of 
which its ciliated and non-ciliated germs are produced, is, 
to a certain extent, comparable to the capsule of a Radio- 
larian ; while, on the other hand, a Radiolarian with a 
multinucleate cortical layer would approach the structure 
of Bicyema. And if wha,t is at present known of Dicyema 
gives a just conception of the essential points of its entire 
history, it undoubtedly, as E. van Beneden has suggested, 
represents a type intermediate between the Protozoa and 
the Metazoa, though it can hardly be said to fill up the 
hiatus between ihem. 

In our further search after the serial relations of animals, 
we must therefore start afresh from the lowest Metazoa. 
Here a Zoophytic Series is very well marked; com- 
mencing with the Physemaria, and thence diverging, on 
the one hand, to the Porifera, and, on the other, to the 
Coilenterata, with the highest forms of which this series 
comes to an end. 

A second gra dation, which may be termed the Annijloid 
Series, is represented by the Trichoscolices and the Annelida. 
The lowest Turhellaria are upon nearly the same level of 
organisation as the Hydrozoa. It woilld be hard to dis- 
tinguish an aproctous Turbellarian, devoid of a ganglion 
and water-vessels, from a free-swimming non-tentaculate 
Hydrozoon. On the other hand, as I have already pointed 
out, the line of demarcation between the higher Trichosco- 
lices and the Annelida is very indistinct, and we may expect 
it to be speedily obliterated by the progress of discovery. 

A third gradation is C9nstituted by the Nematoscolices and 
the Arthropoda. The lowest Nematoidea possess no higher 
organisation than the lowest Turhellaria and the Rotifer a. 
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The NematorJiynclia, whether they are really transitional 
forms between the Nematoidea and the Arthropoda or not, 
at any rate, indicate the road by whi(*h the transition may 
be effected; and I am much inclined to think that the 
Chcetognatha may occupy a place in this series. The oral 
armature of Sagittd may be regarded as a modification of 
the oral spines of Echinoderes, and its neiwous Bystem is 
as much Arthropodal as is that of the Pcntastoimda. This 
may be called the Arthrozoic Series. 

A fourth series is tha.t which I shall term the Mala- 
cozoic Series. It includes the MalacoscoUces and the 
Mollusca. The entoproctous Poli/zoa form the lowest term 
of this series. The resemblances of the Polyzoa with the 
Potlfern (e. g. with Stephanoceros) have often been remarked, 
and, indeed, insisted upon, with too little regard to the differ- 
ences which are established by tlie water- vessels 'and the 
peculiar pharyngeal armature of the Rotifers. Neverthe- 
less, these resemblances are important as far as they go, 
and in grade of organisation the two groups are much 
upon the same level, On the other hand, the comparison 
of a Polyzoon with a larval Lamellibranch or Gasteropod, or 
with a Pteropod, leaves no doubt in my mind that the 
MalacoscoUces have the same relation to the Mollusca, as the 
TrichoscoUces to the Armelida. 

A fifth gradation is presented by the Tunicata and the 
Enter opneusta, which constitute the Pharyngoi’NEUSTAL 
Series. I do not regard the Enter opneusta as of distinctly 
lower organisation than the Tunicata, but rather as a 
collateral group ; and I conceive it to be probable that some 
lower forms, connecting the Enteropneusta nnd the Tunicata 
with one another and with the TrichoscoUces, will jet be 
found. However this may be. Appendicular la presents a 
grade of organisation but little higher than that of the 
Polyzoa. 

A sixth gradation is represented by the Echinodermal 
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Series. Like the foregoing, this series at present stands 
isolated,* no annectent forms between the Echinoderms and 
higher or lower gi'oups being known. On the ground of 
the uniformity of character of the larvae of the Echino- 
derms, however, there can be little doubt that, if ever such 
forms are discovered, they will prove to be allied to the 
Gephyrea, the Trichoscolices and the Enteropneusta. 

Thus the study of the gradations of structure among the 
Metazoa leads to the conclusion that they fall into six 
series, which may be arranged in the following tabular 
shape : — 

Series. 

I. II. III. 

ZooPHYTic. Echinodermal. Pharyngopneustal. 

Coelenterata. Echinodermata, Enteropneusta. Tunicata^ 

Porifera. 

Physemaria. 

lY. Y. YI. 

Malacozoic. Annuloid. Arthrozoic. 

Mollusca. Annelida. Arthropoda, 

Chcetognatha (?). 

Malacoscolices. Trichoscolices. Nematoscolices, 

The lowest known term of the Arthrozoic series is a 
Nematoid worm ; that of the Annuloid series is a low 
Turbellarian or Rotifer; that of the Malacozoic series is 
an entoproctous Polyzoon ; that of the Pharyngopneustal 
series is probably most nearly exemplified by the young 
larva of Balanoglossus ; that of the Echinodermal series 
by the vermiform Echinopcedvmi. 

But the differences between one of the simpler Nematoid 
worms, an aproctous Turbellarian, a Rotifer, an Echino- 
psedium and a Pedicellinay are relatively so small, that 
all six series may be said to converge towards a common 

I say, at present, inasmuch vermiform of the Echinoderms 
as theif characters of the nervous from the most Echinoderm-like 
system sharply separate the most Gephyrea. 
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form ; and that common form, when the special characters 
of each group are eliminated, and the alimentary canal is 
reduced to its primitive aproctous condition, would be 
exceedingly similar to a Physemarian. 

Hence the consideration of the gradations of structure 
which are presented by the various series of Invertebrated 
animals, irresistibly leads to the conclusion that the whole 
of the Metazoa may be conceived as diverse modifications 
of a common fundamental plan. 

The Serial Relations of the Invertebrata com- 
pared WITH the results OF EMBRYOLOGY. — The concep- 
tion of the unity of organisation of the Invertebrata thus 
reached, so far as it is based upon the comparison of adult 
structures, is purely ideal ; and the study of the development 
of individual animals is alone competent to decide the 
question whether this ideal unity has a foundation in ob- 
jective fact. But the history of the development of animals 
appertaining to every group of the Invertebrata which has 
been given, bears out the statement which is made in the 
Introduction that the ideal unity has such a foundation 
in fact ; inasmuch as all these animals commence their 
existence under the same form ; that namely of a simple 
protoplasmic body, the ovum or germ. 

In the Introduction I have said that among the lowest 
forms of animal life, th(i protoplasmic mass which represents 
the morphological unit may be, as in the lowest plants, 
devoid of a nucleus ” (p. 12). However, as I have remai'ked 
at the commencement of this chapter, until the search for 
the nucleus has been instituted afresh, with the help of 
such methods as have recently proved its existence in the 
Foraminifera, I think it will be wise to entertain a doubt 
whether any of the Monera are really devoid of this amount 
of structural differentiation ; and the tendency of recent in- 
vestigations appears to render it very questionable whether 
the nucleus of the ovum ever really disappears, whatever 
may be the modifications undergone by the germinal vesicle 
and its contents. I shall, therefore, assume provisionally. 
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that the primary form of every animal is a nucleated proto- 
plasmic body, cytode, or cell, in the most general acceptation 
of the latter term. 

j Whether the primary cytode possesses a nucleus or not, 
the important fact remains, that in its earliest condition, 
every invertebrated animal, if it were competent to lead an 
independent existence, would be classed among the Protozoa. 

I The first change which takes place in the development 
of the embryo from the primitive cytode, or impregnated 
ovum, in all the Metazoa, is its division ; and the simplest 
form of division results in the formation of a spheroidal or 
discoidal mass of equal, or sub-equal, derivative cytodes, the 
blastomeres. Next, the morula, thus formed, generally 
acquires a central cavity, the hlastoccele, and becomes a 
hollow vesicle, the hlastosphere, the wall of which, composed 
of a single layer of blastomeres, is the blastoderm. 

The blastomeres of the blastoderm next undergo differ- 
entiation into two kinds, distinguished by their internal 
activities, if not by their outward form. Of these the one 
set constitute the epihlast, the others the hypoblast. The 
further changes of the embryo are the consequences of the 
tendencies towards further modification resident in tlie 
epiblastic and hypoblastic blastomeres respectively. Each 
of these is, as it were, a germ, whence certain parts of 
the adult organism will be evolved. 

Every series of the Invertebrata has now yielded a number 
of examples of the further modification of the hlastosphere 
by the process of invagination, or emboly, the result of 
which is that the hypoblast becomes more or less com- 
pletely enclosed within the epiblast. The invagination is 
accompanied by the diminution, or even abolition, of the 
blastocoele, and the formation of a cavity enclosed within 
the hypoblast, which is the a/rchenteron or primitive ali- 
mentary cavity. The opening left by the approximated 
edges of the epiblast, when the process of invagination is 
completed, and by which the archenteron communicates 
withihe exterior, is the blastopore. In this state the embryo 
is a gastrulc^. 
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It very commonly happens that the process of development 
is modified by an inequality in the size of the blastomeres ; 
which inequality may be manifest from the bisection of 
the ovum, or may appear later. In this case, it usually 
happens that the smaller and more rapidly dividing blasto- 
meres belong to the epiblast, and the larger and more slowly 
dividing to the hypoblast. Moreover, no blastoccele may 
arise, and the process of inclusion of the hypoblast within 
the epiblast may have the appearance of the growth of the 
latter over the former, or what is termed epiboly; while 
the archenteron may not be formed within the hypoblast 
till very late. 

When, in cases of epiboly, the blastoderm is small in 
relation to the vitellus, the epiblast and hypoblast, at their 
first appearance, necessarily adapt themselves to the surface 
of the yelk ; and thus the gastrula, instead of having the form 
of a deep cup, becomes more or less flattened and discoidal. 

I am inclined to believe that all the various processes by 
which the gastrula or its equivalent are produced, are re- 
ducible to epiboly and emboly. Even when the epiblast 
and the hypoblast appear to be formed by delaminatioUt 
or the splitting into two layers of cells of a primitively 
single-layered blastoderm, there seems little doubt that 
what happens is, either the very early inclusion of the 
hypoblastic blastomeres within those which give rise to 
the epiblast ; or a very late and inconspicuous ingrowth, or 
invagination, of the hypoblastic region of the blastoderm. 

If we employ the term gastrula in the broad sense 
defined above, it may be truly said that every metazoon 
passes through the gastrula stage in the course of its 
development. The question whether the mode of develop- 
ment of the gastrula by emboly is primitive, and that by 
epiboly secondary; or whether epiboly is primary and 
emboly secondary; or whether the two processes have 
originated independently, is of secondary importance, and 
belongs to the debateable ground of phylogeny.* 

* Compare Haeckel, “Studien zur Gastreea-theorie,*’ in his * I^olo- 
gische Studien,’ 1877, 
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f The meaning of the differentiation of the aggregate of 
cytodes, of which the body of a simple metazoon is com- 
posed, into a hypoblastic, or endodermal, and an epi- 
blastic, or ectodermal group is to be sought in the 
physiological division of labour, which is the primary 
source of morphological changes. It is a separation of the 
aggregate of morphological units into one set with a 
specially nutritive, and another set, with a specially motor 
. and protective, function. It is quite possible to conceive 
of an adult metazoon having the structure of a sponge 
embryo ; moving by its ectodermal hemisphere, and feeding 
by its endodermal hemisphere. 

. The next advance in organisation of such a metazoon 
would doubtless consist in the more complete extension of 
the protective layer over the nutritive layer, with due pro- 
vision for the access of the surrounding medium to the 
latter. It is obvious that this advance might be effected 
in either of two ways ; the one by emboly, the other by 
epiboly. In the former, the blastopore would be left as 
the aperture of communication of the endoderm with the 
exterior; and the result would be the formation of an 
archcBOstomatous gastrula, such as that which is supposed by 
Haeckel to be the primitive form of the metazoon. In the 
latter, the blastopore would completely close up, and a 
new aperture or apertures must be formed in the ectoderm 
to subserve the ingestion of nutriment. The resulting 
organism would be a deuterostomatous gastrula. 

Undoubtedly it seems natural to suppose that the first 
process preceded the second, in order of evolution ; but the 
proof that it did so is at present wanting. And, however 
this may be, the progress of inquiry seems to throw 
more and more doubt upon many cases of the supposed 
persistence of the blastopore as the mouth. It is certain 
that, in the great majority of invertebrated animals, the 
blastopore either becomes the anus or closes up; and 
renewed observations are needed to determine the limits 
wit^'^'^hich the archaeostomatous condition prevails. 

The blas|ocoele of the gastrula may be obliterated by the 
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approximation of the epiblast and the hypoblast, or it may 
persist and constitute the peri-enteron, or primitive peri- 
visceral cavity. 

Those animals which, in their adult condition, most 
nearly represent simple gastrulss with obliterated blastocoele, 
are the Physemaria and Hydra ; cup-shapod bodies with an 
oval opening at one end, the walls of which are made up 
simply of an ectoderm and an endoderm.* 

In the great majority of the Metazoa, a further advance! 
in complication is effected by the appearance, between the 
epiblast and the hypoblast, of cytodes, either isolatedly or 
in a continuous layer, which constitute the mesoblast, and 
eventually are converted into mesodermal structures. The 
origin of these is still a matter of doubt, but in many cases 
it appears to be unquestionable that they are derived from 
the hypoblast. 

The perienteron, more or less interrupted and broken 
up by the constituents of the mesoblast, may give rise 
directly to the perivisceral space, or channels, of the 
adult, which thus constitute a schizocode. It is hardly 
doubtful, I think, that the perivisceral cavity takes its 
origin in this manner in the Rotifer a, the entoproctous 
Polyzoa, the Echinopjcdia of the Echinoderms, the Tuni^ 
cata, and the Nematoidea. 

On the other hand, in many Invertehrata, one or more 
diverticula of the archenteron extend into the perienteron 
and its contained mesoblast. Sometimes, as in the Cvelen- 
terata, these remain connected with the alimentary cavity 
throughout life, and are termed gastrovascular canals. In 
other cases (Echinodermata, Prachiopoda, Chcetognatha) they 
become shut off ; their cavities constitute a variously modi- 
fied enter ocode ; and their walls give rise, along with the 
primitive mesoblastic elements, to the mesoderm. 

To which of these two possible sources of the mesoderm, 
the mesodermal structures of the Annelida and the Arthro- 
'poda, which so very generally take on the form of two 

* I do not think that Kleinenberg’s fibres in Hydra strictly represent 
a mesoderm, though they occupy the position of one. 
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longitudinal germ-bands in the embryo, and subsequently 
undergo segmentation, are to be referred, is a very interest- 
ing, but, as yet, unsolved problem. It is possible that the^ 
are solid representatives of the hollow diverticula which, ir 
other animals, give rise to the enterocoele; in which case, the 
perivisceral cavity in these animals will be a virtual entero- 
coele. On the other hand, they may merely represent the 
cells of the mesoblast of the entoproctous Polyzoa and of the 
Echinopsedia, and their perivisceral cavity would then be 
schizocoele. But it is needless to pursue this topic further 
enough has been said to show conclusively that, however 
different one invertebrated animal may be from another 
the study of development proves that each, when tracec 
back through its embryonic states, approaches the earlier 
stages of all the rest ; or in other words, that all start fronr 
a common morphological type, and even in their extremest 
divergence retain traces of their primitive unity. 

It is very important to remark that these morphologica 
generalisations, so far as they are correctly made, are 
simple statements of fact, and have nothing to do with any 
speculations respecting the manner in which the inverte- 
brated animals with which we are acquainted have come 
into existence. They will remain true, so far as they are 
true at all, even if it should be proved that every animal 
species has come into existence by itself and without 
reference to any other. On the other hand, if there are 
independent grounds for a belief in evolution, the facts of 
morphology not only present no difficulty in the way of the 
hypothesis of the evolution of the Invertebrata from a 
common origin, but readily adapt themselves to it. 

Hence the numerous phylogenic hypotheses which have of 
late come into existence, and of which it may be said that 
all are valuable, so far as they suggest new lines of in- 
vestigation, and that few have any other significance, 
io not desire to add to the number of these hypotheses ; 
an^ I will only venture to remark that, in the absence of 
any adequate paleeontological history of the Invertebrata, 
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any attempt to construct their Phylogeny must be mere 
speculation. 

But the oldest portion of the geological record does not 
furnish a single example of a fossil which we have any 
reasonable grounds for supposing to be the representative 
of the earliest form of any one of the series of invertebrated 
animals ; nor any means of checking our imaginations of 
what may have been, by evidence of what has been, the 
early history of invertebrate life on the globe. 

Already, indications are not wanting that the vast multi- 
tude of fossil Arthropods, MoUusks, Echinoderms, and 
Zoophytes now known will yield satisfactory evidence of 
the filiation of successive forms, when the investigations of 
palaeontologists are not merely actuated by the desire to 
discover geological time-marks and to multiply species, but 
are guided by that perception of the importance of mor- 
phological facts which can only be confeiTed by a large and 
thorough acquaintance with anatomy and embryology. 
But, under this aspect, the pala3ontology of the Invertehrata 
has yet to be created. 
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balanoides, 296. 
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Biastostyle, 131. 

Blatta, 351, 431, 433, 438, 442, 
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orientalis, 401, 414, 417. 
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Bothriocephalus, 212. 
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Botrytis Bassiana, 43. 
Brachionus, 190. 

Brachiopoda, 452, 461, 486, 685. 
Brachyura, 324, 338, 340. 
Branchellion, 214. 
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Branchiogasteropoda, 494, 505, 
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Branchiopoda, 277. 
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Bryozoa, 453. 
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O. 

CAMISPONGIiE, 113-120. 

Caligus, 276. 
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Campanularidee, 128, 129. 
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Capitella, 22 7. ‘ 
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669. 
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276. 

Chromatophores, 519. 

Cicadas, 423, 438. 
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Cilia, 25, 47, 76. 

Ciliata, 99-109. 

Circulatory apparatus, 57. 
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Classification of living forms, 17. 
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Climate in relation to animal life, 
71. 
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Clypeastroida, 570, 571. 
Cockroach, 398. 

Codonoeca, 96. 
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Codosiga, 96. 

Coelenterata, 43, 50,51, 57, 110, 
119, 120, 125, 671, 685. 
Coenurus, 209. 
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4. 

Coleochaete, 44. 

Coleoptera, 424, 436, 438. 
Collembola, 252, 420. 
Collosphaera, 90. 

Colpoda, 63, 103, 106. 

Comatula, 34. 

— — (Antedon), 584. 
Conjugation, 28, 77. 

Contractile tissue, 25. 

vacuole, 76. 

Copepoda, 71, 268, 270, 347-349. 
Coralligena, 153, 671. 

Corallines, 453. 

Corallite, 155. 

Corallium rubrum, 160. 

Corals, 120. 

Cordylophora, 33, 34. 

Coryne, 129. 

Crayfish, 318, 303, 328, 330. 
Crickets, 437, 440. 
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Cumacea, 303, 356. 
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rhododactyla, 151. 
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Cyclops, 268, 269, 643. 
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Cymothoa, 363. 
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Cynthia, 346, 

Cypr»a Europaea, 489. 
Cypris, 288-290. 

Cystic worm, 211. 
Cysticercus, 209, 211. 
Cystidea, 593. 

Cy there, 283, 289. 


D. 

Dalmanites, 259. 

Daphnia, 283, 284. 

Decapoda, 540. 

Beep-sea fauna, 22, 70, 84, 85. 
Bendrocoela, 180. 

Dentalidas, 501, 503. 

Bentalium, 492. 

Bermis (enderon), 55. 

Besmidiae, 95. 

Bevelopment, 10, 12, 68. 
BiatomacesD, 5, 79, 84, 85, 95. 
Bibranchiata, 525-532. 

Biccras, 473. 

Bicoryne conferta, 131. 
Bictyocystas, 81. 

Biotyocystida, 106. 

Bicyema, 678. 

Bicyeraida, 652, 675, 676. 
Bidemnum sty lifer um, 614 , 
Bidinium, 105. 

serpula, 5. 

Biiferentiation, 15. 

Bimyaria, 480. 

Biphydae, 145. 

Biphyes appendiculata, 138. 
Biphyllidea, 212. 

Biphyozooid, 139, 145. 

Biplozoon paradoxum, 30, 206. 
Bipnoi, 61. 

Biporpa, 30, 206. 

Biptora, 425, 436, 443. 
Biscophora, 129, 132, 146-149. 
Disintegration of living matter, 2. 
Bistoma, 202. 

Distribution, 9, 19-22, 70, 71. 
Bog-louse, 212. 

Bogs, retrieving of, 32. 

Boliolum, 600, 605, 616. 

dentictjlatum, 618. 

“ Double circulation, 61. 
Dragon-flies, 253. 

Bysteria, 105. 


E. 

Earthworm, 219. 
Echencibothrium, 212. 

Echinidea, 56, 543, 566. 
Echinococcus, 209. 

veterinorum, 210. 

Echinoderes, 193. 

Echinodermal series, 679, 680. 
Echinodermata, 22, 34, 53-56, 

543, 675, 685. 

Echinoida, 570. 

Echinopoedium, 54, 544, 561, 590, 
680. 

Echinorhynchus, 646. 

Echinus, 567. 

splijera, 568, 569. 

Ectoderm, 56. 

Ectoprocta, 458, 668, 669. 
Ectosarc, 78. 

Edrioasterida, 594. 
Edriophthalmia, 358, 359. 
Elytron, 231, 

Embryology, 41, 49, 681. 
Empusa, 43. 

Eudoparasites, 206. 

Endoplast, 46, 77.- 
Endoplastica, 76, 87. 

Endoprocta, 668. 

Endosarc, 78. 

Endostyle, 597. 

Enteropneusta, 60, 629, 674, 

679. 

Entoconcha mirabilis, 51 3. 
Entogastric gemmation, 150, 
664. 

Entomostraca, 256, 266. 
Entoprocta, 458. 

Eozoon, 75. 

canadense, 87. 

Epiblast, 16, 50. 

Epidermis (ectoderm), 55. 
Epigenesis, 13. 

Epimera, 309. 

Epizoa, 272. 

Equidae, 21. 

Ergasilus, 276. 

Eristalis floreus, 428. 

Errantia, 235, 237. 

Ervilia, 105. 

Estheria, 285, 287. 

Euaxes, 226, 666. 

Euglena, 4, 5. 
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Euglena viridis, 97. 
Euphausia^ 355. 
Euplectella, 120. 
Eurypterida, 266, 268. 
Eurypterus remipes, 267. 
Evolution, 38. 


P. 

Families, 17. 

Fauna, oldest known, 75. See 
Fossils. 

Faunae, dissimilar, 19. 
Fecundation, 30, 31. 

Ferns, 15. 

Fibrospongia, 118-120. 

Fishes, 60-66. 

Fish-lice, 272. 

Fission, 27. 

Flagellata, 95-102. 

Flagellum, 76. 

Fleas, 425. 

Flies, 425. 

Florae, dissimilar, 19. 

Florideae, 29, 30. 

Flower-buds, 15. 

Food- vacuole, 96. 

Food-yelk, 28. 

Foraminlfera, 46, 71, 81-87, 91, 
92, 671. 

Fossils ; succession of species, 
distribution, &c., 19, 20, 38,41, 
70, 74, 86, 151, 171, 258, 290, 
301, 358, 367, 397, 486, 517, 5^6, 
542, 570, 592. 

Cambrian, 87. 

carboniferous, 593. 

cretaceous, 87, 120, 486. 

devonian, 287, 504, 536. 

laurentian, 87. 

lias, 542, 

limestone, 86, 87, 171. 

— - nummulitic, 86. 

Silurian, 87, 151, 266, 287, 

461, 503, 509, 593. 

— Solenhofen slate, 151. 

trias, 542. 

Fowl, 30. 

Fringing-reefs, 168. 

Functions, 22, 54. 

Fungi, 4, 14, 23, 29, 36, 43, 44. 
Fungidae, 163, 169. 


G. 

Galeode<?, 378. 

Gamogenesis, 28. 

Ganoids, 61. 

Gasteroiioda, 470, 504. 
Gasterostomum, 206. 
Gasterotricha, 192. 

Gastraea, 50. 

Gastrophysema, 116, 119. 
Gastrula, 116, 

Gecarcinus, 340. 

Gemmation, 27, 613. 

Generation, 26-28. 

Genus, 17. 

Gephyrea, 59, 214, 245, 667, 670, 
672. 

Geryonia, 665. 

Geryonidae, 128, 150. 

Glass- crabs, 356. 

Globigerina, 39, 84-87. 
Glossocodon, 126. 

Gnathites, 256, 270. 
Gomphonema, 79, 103. 
Gonodactylus, 370. 

Graafian follicles, 68, 442. 
Graptolites, 151. 

Gregarina, 76, 92, 93. 

gigantea, 93, 94, 103. 

Gregarinida?, 92-94, 671. 

Gromia, 82. 

Gromidae, 83. 

Growth of animals and plants, 2. 
Gymnolaemata, 459, 
Gymnophthalmata, 129. 
Gymnosomata, 508, 509, 510. 
Gyrodactylus, 206. 

H. 

Haliotis, 493. 

Haliphysema, 116, 119. 

Halisarca, 116, 120. 

Heat, effect of, on living matter, 3. 
Hectocotylus, 538. 

Helicidee, 516. 

Heliopora ceerulea, 165. 

Heliozoa, 659, 671. 

Helix, 499, 515. 

pomatia, 517. 

Hemiptera, 422, 423. 

Hereditary transmission, 32, 40. 
Hermaphrodites, 207, 217, 224, 
255, 481, 515, 564, 644. 
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Heteromorphse, 72. 

Heteronereis, 245. 

Heteropoda, 494, 497, 512. 
Heterotricha, lok 
Hexacoralla, 162, 164. 
Hippuritidae, 486. 

Hirudinea, 214, 218, 242, 243, 
666, 672. 

Hirudo medicinalis, 215, 216. 
Histology, 9. 

Histriobdella, 214-217. 
Holomyaria, 641. 

Holothuria, 171. 

Holothuridea, 59, 543, 545. 
Holotricha, 102. 

Homarus, 68. 

Humming of insects, 255. 
Hyalonema, 120. 

Hydatina senta, 189. 

Hydra, 56, 63, 65, 126, 129, 685. 
Hydractina, 67, 126. 

Hydranth, 120. 

Hydrophilus piceus, 424. 
Hydrophora, 129, 130, 146. 
Hydrophyllia, 128. 

Hydrosoma, 127, 128. 

Hydrotheca, 128. 

Hydrozoa, 33, 34, 67, 116, 120, 
1-16-152, 172, 173, 671,672. 
Hymenoptera, 428. 

Hypoblast, 16, 50. 

Hypotricha, 102. 

I. 

ICHTHYOPSIDA, 58. 

Idoteidee, 364. 

Imperforata, 83. 

Impregnation, 28. 

Inarticulata, 469. 

Infusoria, 5, 14, 30, 43, 46, 77, 79, 
9.5-97, 101, 106-113, 176, 660, 
671. 

— — ciliata, 95. 

flagellat^ 95, 96. 

tentaculifera, 9.5. 

Insecta, 15, 59, 69, 256, 366, 397, 
432-449, 670. 

Insectivorous plants, 42. 
Integumentary organs, 55. 
Invertebrata, morphological types 
among, 48. 

Isocardia, 473. 


Isopoda, 362. 
lulus, 396, 397. 

Ixodes ricinus, 382. 

J. 

Janellid^ 514. 

Jaws, 56. 

Jelly-fishes, 120. 

If. 

Labium, in insects, 230. 
Lacinularia, 190, 191, 193. 
Laemodipoda, 362, 366. 
Lamellibranchiata, 470, 472, 670. 
Lampyris splendidula, 440. 
Laomedea, 131. 

Larvae, 68, 69, 186, 191, 192, 203, 
243, 283, 296, 369, 385, 393, 424, 
430, 435, 436, 448-451, 467, 469, 
544, 643, 664, 680. 

Leeches, 214, 666. 

Lepadidee, 299. 

Lepas, 291-299. 

australis, 296. 

Lepidoptera, 425, 436, 438, 443. 
Leptoplana, 182. 

Leriiaea, 276. 

Lerneeodiscus porcellanse, 302. 
Leucifer, 346. 

Leucones, 115, 120. 

Lice, 421. 

Lieberkiihnia, 82. 

Ligula, 207. 

Lima, 475. 

Limacidae, 514. 

Limax, 493, 498, 499. 

Limnetis, 283, 285. 

brachyurus, 286. 

Limpets, 511. 

Limulus, 259-269, 374. 

moluccanus, 261. 

polyphemus, 264. 

Lineus, 186. 

Linguatula, 371, 388. 

Lingula, 462, 466. 

Lithocysts, 126. 

Lituitidee, 83. 

Living, matter, properties of, 1-41. 
Lobster, 303. 

Locustidae, 440. 

Loxosoma, 459, 485, 668. ' 
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Lucemaria, 134, 147, 153. 
Lumbricus, 219-221. 

Lungs, 60. 

Lymnseus, 497, 500. 

palustris, 493. 

M. 

Macrobiotus Schultzei, 386. 
Macrostomum, 178. 

Macrura, 324, 338-346. 
Madrepores, 164. 

Madreporite, 570. 

Magosphsera, 94, 95. 
Malacobdella, 214-217, 666, 672. 
Malacoscolices, 674, 679. 
Malacostraca, 256, 302. 
Malacozoic series, 679. 
Mallophaga, 420, 421. 
Manubrium, 127. 

Mastigopods, 76. 

Meandrina, 169. 

Medusae, 34, 120, 126-129, 672. 
Megalopa, 349, 350. 

Meromyaria, 641. 

Merostomata, 256, 260. 
Mesoblast, 16. 

Mesoderm, 56. 

^esotrocha, 243. 

Mesozoa, 676. 

Metabola, 419. 

Metamorphosis, 68, 449. 

Metazoa, 47, 50-58, 1 10, 120, 187, 
193, 676, 682, 685. 
Microstomum, 184. 

Miliolidae, 83. 

Millepores, 165, 168, 171. 
Millipedes, 391. 

Mites, 382. 

Moisture, effect of, on living 
matter, 3. 

Molar motion, 23. 

Mollusca, 55-62, 67, 452, 470, 669, 
670, 679. 

Monads, 36, 37, 44, 81, 90, 95, 96, 

111 . 

Monera, 76, 81, 90, 671, 677, 
681. 

Monomyaria, 480. 

Monostomum mutabile, 202. 
Morphological species, 17. 
Morphology, 9 
Morulay»47. 


Moths, 30. 

Mucor, 92. 

Munna, 358. 

Muscular tissue, 23, 25. 

Mussel, 474, 483. 

Mygale Blondii, 381. 

caementaria, 379. 

Myriapoda, 59, 256, 399, 670. 
Mysis, 336, 346, 350, 367. 
Mytilus, 476, 486. 

Myxastrum, 79, 92. 
Myxodictyum, 78, 79,81. 
Myxomycetes, 5, 44, 92. 
Myxopods, 76, 78,87, 88. 
Myxospongiae, 119. 

Myzostomata, 627, 672. 

N. 

Nais, 219, 220. 

Naked-eyed medusae, 129. 
Nauplius, 268, 271, 283, 290, 296- 
303, 347-349, 354, 367, 385, 3S7, 
Nautilus, 66, 71, 521-542. 
Nebalia, 277, 283, 285. 
Nematoidea, 29, 636, 673. 

N ematophores, 131. 
Nematorhyncha, 665. 
Neraatoscolices, 673, 678. 
Nemertidae, 186. 

Neomenia, 668. 

Nephelis, 218. 

Nerve, 23, 25. 

Nervous system, 63. 

Neuroptera, 425, 436, 438. 
Noctiluca, 44, 96-99. 
Notodelphys, 276, 277. 
Notommata tardigrada, 192. 

Nova Scotian coal fossils, 397. 
Nucleus, 11, 46, 77. 

Nucula, 475, 485. 

Nudibranchiata, 494, 510, 511, 
671. 

Nullipore, 168. 

Nummulites, 84. 

Nyctotherus, 105, 106. 

O. 

OCTOCOEALLA, 159, 163. 
Octopoda, 528, 537 . 

Odontophora, 470, 486, 488, 670. 
Oligochaeta, 68, 214, 219, 225, 
226, 242, 243, 672. 
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Onchidum, 61. 

Oniscidse, 366. 

Oniscus, 250, 362. 

Ophiodes, 131. 

Ophiolepis ciliata, 565. 
Ophiuridea, 543, 562. 

OphrydideD, 109. 
Opisthobranchiata, 510, 
Opisthomum, 179. 

Orbulina, 84. 

Orders, 17. 

“ Organised,” meaning of, 8. 
Organs, 24, 65, 67. 

Origin of living matter, 39. 

“ Origin of Species,” 35. 

Orthidae, 470. 

Orthoptera, 422, 436, 438, 443. 
Ossicula auditus, 67. 

Ostracoda, 252, 287. 

Ostraea, 475-486. 

Oviparous animals, 69. 
Ovoviviparous animals, 69. 
Oxidation, waste of living matter 
by, 2. 

Oxyuris, 639, 

Oyster, 475. 

P. 

Pagurid^, 346. 

Palaeocyclus, 171. 

Palaaontology. See Fossils. 
Palinurus vulgaris, 339. 

Paludina, 204, 495, 497- 
Pangenesis, 40. 

Paramojcium, 47, 104-109. 
Parasites, 43, 69, 193, 205, 206-207, 
212, 272, 276, 277, 291,301, 364, 
384, 388, 421, 450, 484, 513 634. 
646. 

Pasteur’s experiments, 4, 6. 

atellidae, 511, 517. 

Pec ten, 475-485. 

Pectostraca, 290. 

Pedalion, 192, 193. 

Pediceilina, 668, 680. 

Petiicels, 53. 

Pediculina, 420, 421. 

Pelagia, 146, 147. 

Pel togas ter paguri, 302. 

Peneus. 347, 349. 

Penicillium, 43. 

Pennatiilidae, 161. 


Pentacrinus, 584. 

Pentastomida, 257, 388, 670. 
Pentastomum tsenioides, 388, 389. 
Pentremites, 594. 
Perennibrauchiata, 59. 

Perforata, 83, 163-167, 171, 172. 
Peridinese, 81, 99, 100. 
Peripatidea, 257, 624, 670. 
Peritricha, 102, 103, 109. 

Perla nigra, 422. 

Peroniad®, 513. 

Peronia verruculata, 517. 
Peronospora, 43, 44. 

Phalangidae, 379. 

Phallusia, 601, 607. 
Pharyngopneusta, 674. 
Pharyngopneustal series, 679. 
Pholas, 472, 475, 485. 

Phoronis, 248. 

Phrosina, 364. 

Phrynidac, 379. 

Phylactolsemata, 669. 

Phyllodoce, 243. 

viridis, 240. 

Phyllopoda, 277. 

Phyllosomata, 355, 356. 
Phylogeny, 41. 

Physalia, 125, 142, 143. 
Physemaria, 645, 671, 672, 685. 
Physiology, 1, 9, 22. • 

Physophorid®, 128, 141-145. 
Pilidium gyrans, 185, 186. 
Pisidium, 483. 

Placenta, 69, 109. 

Plagiostome fishes, 69. 

Planaria, 180, 218, 672. 

dioica, 180. 

Plants, 27, 29, 42, 71. 
Pleurobranchia, 173, 174. 
Pleurodictyon, 172. 

Plumatella repens, 453, 454. 
Plumularid®, 130. 

Pocillopora, 165. 

Podophrya fixa, 101. 
PodophtWmia, 263, 303. 
Podurid®, 444. 

Poecilopoda, 260. 

Polian vesicles, 546, 564. 
Polyarthra, 192. 

Poly cells, 218. 

Iffivigata, 181. 

Polych®ta, 68, 214, 226, 237, 672. 
^ fiplycistina, 88. 
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Polygordius, 672. 

PolykricoB, 104. 

Polymyaria, 641, 

PolynSe, 227. 

lunulata, 239. 

— squamata, 227-237, 241. 
Polyophthalmus, 227, 241. 
Polypes, 27, 64, 120. 

Polypide, 453. 

Polypite, 120. 

Polyplaoophora, 501, 502, 505, 
670. 

Polyzoa, 52, 56, 452, 458, 668, 674. 
Polyzoarium, 453. 

Pontellidse, 271, 368. 

Porifera, 50, 55, 63, 110, 119, 671. 
Porpita, .50, 140. 

Porites, 168. 

Prawn, 347. 

Priapulus, 246. 

Primordial utricle, 12. 

Proctucha, 177, 18^ 

Productidm, 470. 

Proglottis, 211. 

Prosobranchiata, 511, 512, 517. 
Protamoeba, 78, 79, 91-95. 
Protein, 1. 

Proteolepas bivincta, 300. 
Proteus, 61. 

animalcules, 92. 

Protococcus, 5, 11. 

Protogenes, 78-82, 91, 95. 
Protomonas, 81, 90, 95. 
Protomyxa aurantiaca, 80. 
Protoplasm, 1, 7. 

Protoplasta, 91, 671. 

Protozoa, 36, 45-47, 54, 62, 63, 76, 
110, 111, 117, 671. 

Protozoic series, 677. 

Protula, 235, 244. 

Dysteri, 236. 

Provinces of distribution, 19. 
Pseud-haemal system, 57. 
Pseudo-filoria, 94. 
Pseudo-navicella, 93. 
Pseudophyllidea, 212. 
Pseudopodia, 25, 76, 78. 
Pseudo-scorpions, 378. 
Psychology, 1. 

Pfceropoda, 59, 71, 470, 494, 504, 
506. 

^terygotus, 266. 

►littlioids'*, 443. 


Pulmogasteropodo, 60, 494, 505. 
Pulmonary sacs, 60. 

Pulmonata, 493-500, 513. 
Pulvinularia, 84. 

Pupipara, 427. 

Pycnogonida, 385, 670. 

Pyrosoma, 600, 617. 

giganteum, 610. 

R. 

Radiolaria, 5,44-46,71, 84-88, 
106, 660, 671. 

Redia, 202, 206. 

Reef-builders, 167. 

Reuierinee, 119. 

Reproductive system, 67, 
Respiratory system, 58. 
Rhabdocoela, 178. 

Rhabdopleura, 460. 

Rhachis, 640. 

Rhizocephala, 290,301. 
Rhizocrinus lofotensis, 581. 
Rhizostomidee, 136. 

Rhodope, 496. 

Rhopalodina, 549. 

Rhynchoccele Turbellaria, 184. 
Rhynchonella, 463, 465. 
Rhynchonellidee, 470. 
Rock-builders, 85. 

Rotalia, 82. 

Rotifera, 5, 56, 57, 95, 176, 182, 
187, 672. 

Rugosa, 165, 166, 171. 

S. 

Sacculina purpurea, 302. 

Sagitta, 71, 632, 675 
Salpa, 33, 600, 605, 620, 621. 
Salpingeeca, 96. 

Sarsia prolifera, 132. 

Saxicava, 475. 

Scallop, 475. 

Scalpellum vulgare, 299-301. 
Sca^mopoda, 501-505. 

Schizocoele, 51, 52, 250. 
Schizopoda, 338, 346. 

Scolopendra borbonica, 391. 

Hopei, 392. 

Scorpio afer, 372. 

Scorpions, 60, 371, 375. 

Scrap oceliaria, 456. 
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Scyllarus, 339. 

Sea anemones, 120. 

Sensitive plant, 42. 

Sensory organs, 23. 

Sepiadse, 520, 528, 540, 542. 

Sepia officinalis, 518-529. 

Serial relations of invertebrata, 
676. 

Serpulidae, 235, 244. 

Sertularidse, 128, 129. 

Shrimp, 350. 

Siphonophora, 129, 140, 147-149. 
Sipunculus nudus, 247-249. 

Snail, 515. 

Solenhofen slates, 151. 
Somatoplenre, 57. 

Somites, 227. 

Sounds from insects, 437. 
Spatangoida, 570. 
Spermatophores, 529. 
Sphmromidse, 364. 

Sphoerozoum ovodimare, 89, 90. 

punctatum, 89^ 

Sphinx ligustri, 426. 

Spiders, 379. 

Spiriferidae, 470. 

Spirillum volutans, 4. 

Spirorbis, 235. 

Spirostomum, 105. 

Spirulidae, 540. 

Splanchnopleure, 57. 

Spongida, 110, 663. 

Spongilla, 113-120. 

fluviatilis. 111, 116. 

Sporocysts, 206. 

Springs, hot, living things in, 7. 
Squids, 540. 

Squilla, 361, 369. 

scabricauda, 368, 369. 

Star-fish, 553. 

Stentor, 108. 

Stephanoceros, 187, 191. 
Sternaspis, 245. 

Stigmata, 60, 377, 394, 413, 435. 
Stings of insects, 432. 
Stomatopoda, 272, 367. 

Stone corals, 165. 

Strepsiptera, 431, 450. 
Strombidium, 104. 

“ Struggle for existence,” 26. 
Stylifer, 513. 

Stylonychia, 108. 

Stylops aterrimus, 450. 


San>animalcule, 87. 

Sundew, 42. 

“ Survival of the fittest,” 40. 
Sycandra raphanus, 664, 

Sycon, 120. 

ciliatum, 115. 

Syllis, 244. 

vittata, 240. 

Synapta, 513, 545. 

digitata and inhserens, 548. 

Syncytium, 113. 

Syrphus ribesii, 427. 

T. 

Tabiilata, 163, 165, 166, 167. 
Tsenia, 207-213. 

Tape-worms, 206. 

Tardigrada, 257, 387, 670. 
Taxonomy, 10, 16, 656. 

Teeth, 56. 

Tegumentary system, 55. 
Telotrocha, 186. 

Temperature in relation to living 
matter, 3, 37. 

Tentacula, 50. 

Tentaculifera, 100, 

Terebratula, 38. 

psittacea, 38. 

TereoratulideB, 470. • 

Terebratulina septentrionalis, 
465. 

Teredo, 472-486. 

Testacellidse, 514. 
Tetrabranchiata, 532. 
Tetraphyllidea, 212 
Tetrarhynchus, 207, 212. 
Tetrastemma, 183, 184. 

Teuthidse, 528, 540, 542. 
Thecosomata, 507, 508, 510. 
Thysanopoda, 346. 

Thysanura, 252, 420. 

Ticks, 382. 

Tissues, 10. 

Tomopteris, 235. 

Torquatella, 105. 

Torula, 36. 

Tracheae, 59. 

Tracheo-branchiae, 252. 
Trachynemata, 149. 

Tradescantia hair, 78. 

Treraatoda, 53, 57, 176, 193, 207- 
213, 217, 672. 
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Tremoctopus, 539. 

Triarthra, 192. 

Trichina, 643. 

Trichocyste, 105. 

Trichodidce, 109. 

Trichodina grandinella, 103. 
Trichoscolices, 673, 678. 

Trigonia, 71, 485. 

Trilobita, 252, 256, 258, 670. 
Trochus cineriirius, 489. 

Tubicola, 235. 

Tubifex, 219, 226. 

Tubipora, 163. 

Tubularidee, 129, 146. 

Tunicata, 52, 55, 60, 69, 595, 674, 
679. 

Turbellaria, 43, 51, 56-62, 67, 176, 
671, 672. 

Tylos, 365. 

Types, morphological, 48. 
Typhlosole, 223, 604. 

U, 

TJnio pictorum, 483. 

Uropoietic system, 62. 

V. 

V AGINUUI8, 500. 

Vampyrella, 79, 103. 

Vanessa atalanta, 426. 

Velella, 140. 

Ventriculites, 120. 
Veronicellid®, 513. 

Vertebrata and Invertebrata, 48. 


Vibracula, 456. 

Vibrionidas, 95. 

Vital force, 9. 

Viviparous animals, 69. 
Volvocineae, 95. 

Volvox, 95, 678. 

Vorticellidse, 5, 80, 47, 63, 66, 
. 100-109. 

W. 

Waldheimia, 463. 

australis, 464. 

Waste of living matter, 2. 

Water in living matter,*2. 
Wlllsia, 132. 

Wolffian duct, 62. 

X. 

XiPiiosuRA, 260, 266. 


Y. 

Teast, 4. 
Yeast-plant, 43, 


Z. 

Zo.%;a, 349, 350. 

Zoanthidae, 1^2, 163, 
Zoanthodeme, 153. 

Zoological chronology and geo> 
graphy, 70. 

Zoophyta, 671. 

Zoophytic series, 678. 
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